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(54) HIGH-FREQUENCY INVERTER AND INDUCTION COOKING DEVICE USING THE SAME 



(57) A high-frequency inverter having a simple cir- 
cuit construction capable of executing a constant-fre- 
quency operation and a zero-volt switching operation 
and an induction heating cooker using the high-fre- 
quency Inverter are disclosed. The high-frequency 
inverter is comprised of an inverter circuit for converting 
a direct current from a DC power source into a high-fre- 
quency current and a control circuit for controlling the 
Inverter circuit. The inverter circuit is conprised of: a 
one-transistor inverter constructed of a heating coil 
whose one terminal is connected to one terminal of a 
DC power source, a first switching element connected in 
series between the other terminal of the heating coil and 
the other terminal of the DC power source, and a first 
resonance capacitor connected so as to form a reso- 
nance circuit witii the heating coil; and a series circuit 
connected in parallel witii the heating coil and con- 
structed of a second switching element and a second 
resonance capacitor. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a high-frequency 
inverter which operates at a constant frequency effec- 
tive for a multi-burner induction heating cooker having a 
plurality of burners and the like and an induction heating 
cooker using the high-frequency inverter. 

BACKGROUND OF THE INVENTION 

In a prior art high-frequency inverter, the operating 
frequency has varied according to a type of the load 
(pan) to be heated or a change in an input power. When 
such a high-frequency inverter is applied to a multi- 
burner induction heating cooker having a plurality of 
heating burners, there has been the problem that a pan 
interference noise is generated due to a frequency dif- 
ference among the burners. As a high-frequency 
inverter for solving this problem, there is one disclosed 
in U.S. Patent No. 5.571 ,438 as shown in Fig. 71 . In this 
figure, the high-frequency inverter is comprised of a DC 
power source 101 , an inverter circuit 102 for converting 
a direct cun-ent from the DC power source 101 into a 
high-frequency current and a control circuit 103 for con- 
trolling this inverter circuit 102. The inverter circuit 102 
is constructed of a reverse cun-ent blocking type first 
switching element 104. a reverse cunrent conducting 
type second switching element 105. a coil 106 for heat- 
ing use, a first resonance capacitor 107, a second reso- 
nance capacitor 1 08 and a diode 1 09. The control circuit 
103 includes a drive section 110 which makes the first 
switching element 104 and the second switching ele- 
ment 105 alternately conductive at a constant frequency 
fO. 

Fig. 72 shows operation waveforms at several por- 
tions of the high-frequency inverter constructed as 
above. As shown in Fig. 72, the drive circuit 1 10 drives 
the inverter circuit 102 by alternately turning on the first 
switching element during a time ton1 and the second 
switching element during a time ton2 in a constant cyde 
to. As apparent from Fig. 72, a zero voltage switching 
operation is achieved in this high-frequency inverter. 
Fig. 73 shows an input power control characteristic of 
this high-frequency inverter. As shown in this figure, the 
electric power inputted to the high-frequency inverter is 
controlled by the conducting time toni of the first switch- 
ing element. That is, in the high-frequency inverter, an 
input power Pi^ is controlled by changing the ratio 
(toni /to) of the conducting time ton1 of the first switch- 
ing element 104 relative to the constant cyde tO at the 
constant operating frequency fO. 

As described above, the prior art high-frequency 
inverter can execute the input power control at the con- 
stant operating frequency Therefore, when it is applied 
to the multi-burner induction heating cooker, the pan 
interference noise attributed to the frequency difference 



between the burners can be solved. Also, the zero volt- 
age switching operation can be achieved with the two 
switching elements, and this can achieve a reduced 
power loss and a reduced generated noise in the 

5 switching operation. 

The multi-burner induction heating cooker is 
expected to be further popularized in future for its high 
convenience. In accordance with it, a further improve- 
ment is expected for the high-frequency inverter to be 

10 applied to the induction heating cooker, and a high-fre- 
quency inverter achieving further reductions in size and 
cost is desired. 

The present invention has been developed for solv- 
ing the aforementioned problems and provides a high- 

15 frequency inverter which operates at a constant fre- 
quency implemented by a simple circuit construction 
and an induction heating cooker to which the inverter is 
applied. 

20 SUMMARY OF THE INVENTION 

The present Invention provides a high-frequency 
inverter comprising: a coil whose one terminal is con- 
nected to a DC power source; a first switching element 

25 connected in series with the coil to the DC power 
source; a first resonance capacitor which is connected 
so as to form a resonance circuit with the coil, a series 
drcuit which is constructed of a second resonance 
capacitor and a second switching element and forms a 

30 resonance drcuit with the coil and connected in parallel 
with the coil or the first switching element; and a control 
drcuit which controls the conduction of the first switch- 
ing element and the second switching element, the con- 
trol circuit executing conduction control for alternately 

35 turning on the switching elements at a constant fre- 
quency and changing the conduction ratios for the 
switching elements to control input power. 

In the high-frequency inverter, the first resonance 
capacitor may have its one terminal connected to a con- 

40 nection point of the second switching element and the 
second resonance capacitor. The capacitance of the 
first resonance capacitor may be considerably smaller 
than the capadtance of the second resonance capaci- 
tor. The first switching element may be provided by 

45 IGBT (Insulated Gate Bipolar Transistor) with a built-in 
reverse conducting diode. The first switching element 
may be a reverse conduction blocking type. 

In the high-frequency inverter constructed as 
above, the zero voltage switching operation can be 

50 achieved by the operation of the series drcuit of the sec- 
ond switching element and the second resonance 
capacitor, and therefore, the power loss and heat gener- 
ation in the switching operation can be reduced. Fur- 
ther, a constant frequency operation can be achieved. 

55 and therefore, when the inverter is applied to the multi- 
burner induction heating cooker, the possible occur- 
rence of the inter-burner pot interference noise can be 
prevented. Also, the inverter can be provided with a sim- 
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pier circuit construction than that of the prior art and the 
power efficiency is Increased. With this arrangement 
the inverter can be constructed of elements having a 
small rating, so that the reductions in size and cost can 
be achieved. 

The induction heating cooker of the present inven- 
tion, having the high-frequency inverter applied thereto, 
detects a cun^ent inputted to the high-frequency inverter 
and executes feedback control of the input power by 
controlling the conduction ratios of the switching ele- 
ments on the tasis of this input current. 

Another induction heating cooker according to the 
present invention detects a current inputted to the high- 
frequency inverter and executes feedback control of the 
input power of the high-frequency inverter by controlling 
the conduction ratios of the switching elements on the 
basis of tills input current value and an inputted set 
value. 

Another induction heating cooker according to the 
present Invention controls the conduction ratios of the 
switching elements within a range where the input cur- 
rent is within a specified range set based on the con- 
ducting times of the first and second switching 
elements. The characteristic of tiie input current of the 
inverter relative to conducting times of the switching ele- 
ments depends on the type of the load to be inductively 
heated. Therefore, the above-mentioned Induction heat- 
ing cooker can realize a control within an input range 
where tiie inverter is not damaged even if using a load 
that is accompanied witii a large loss in the inverter, so 
that the inverter can be prevented from being damaged. 

Another induction heating cooker according to the 
present invention detects the voltage across both termi- 
nals of the first switching element or the voltage across 
both terminals of the second switching element and 
controls tiie conduction ratios of the switching elements 
on tiie basis of this detected voltage. With this arrange- 
ment, when the load to be inductively heated is a spe- 
cific one, the input control can be achieved by a simple 
low-cost method, and the voltages of the switching ele- 
ments can be limited so that they do not exceed the 
withstand voltages. 

Another induction heating cooker according to the 
present invention detects the voltages across both ter- 
minals of ttie first and second switching elements and 
controls tiie conduction ratios of the switching elements 
on the basis of this detected voltage within a range of 
the voltage aaoss both terminals of the first switching 
element set according to the voltage of the second 
switching element. The characteristic of the input cur- 
rent of the inverter relative to conducting times of the 
switching elements depends on tiie type of the load to 
be inductively heated. Therefore, the above-mentioned 
induction heating cooker can realize the control within 
the input range where the Inverter is not damaged even 
if using a load that is accompanied with a large loss in 
the inverter, so that the inverter can be prevented from 
being damaged. 



Another induction heating cooker according to the 
present invention detects the voltages across both ter- 
minals of the first and second switching elements and 
controls the conduction ratios of both the switching ele- 

5 ments so tiiat a voltage difference between the voltage 
across both terminals of the first switching element and 
tiie voltage across both terminals of tiie second switch- 
ing element becomes not greater than a specified value. 
The characteristic of the input current of the inverter rel- 

10 ative to conducting times of the switching elements 
depends on tiie type of tiie load to be inductively 
heated. Therefore, the above-mentioned Induction heat- 
ing cooker can achieve the control within the input range 
where the inverter is not damaged even if using a load 

15 tiiat is acconpanied with the large inverter loss, so that 
the inverter can be prevented from being damaged. 

Another induction heating cooker according to the 
present invention detects the current of the coil, the cur- 
rent of the first switching element or the current of the 

20 second switching element and controls the conduction 
ratios of tiie switching elements on tiie basis of ttiis 
detection current. Wrth tiiis an-angement. when the load 
to be inductively heated is a specific one, feedback con- 
trol of the input power can be executed with the current 

25 of the coil, tiie current of tiie first switching element or 
the current of the second switching element. Also, the 
current of the coil, the current of the first switching ele- 
ment or tiie current of the second switching element can 
be limited so tiiat they do not exceed a predetermined 

30 value. Therefore, the power loss of the elements consti- 
tuting the Inverter, particularly in the switching elements 
can be made not greater than a specified value. 

Another induction heating cooker according to the 
present invention controls the conduction ratios of tiie 

35 switching elements within a range where the cun-ent of 
tiie second switching element Is within a predetermined 
range set according to the conducting times of the first 
and second switching elements. The characteristic of 
the conducting times of the switching elements relative 

40 to the current of the second switching element depends 
on tiie type of the load to be Inductively heated. There- 
fore, the above-mentioned induction heating cooker can 
achieve the control within the range where the inverter 
is not damaged even if using a load that Is accompanied 

45 with the large inverter loss, so that the inverter can be 
prevented from being damaged. 

Another induction heating cooker according to the 
present invention detects an Inappropriate load and 
stops the driving of both the switching elements when 

so the inappropriate load is detected. With this arrange- 
ment, the inappropriate load of knife, fork, spoon or the 
tike is not heated, allowing the security to be improved. 

Another induction heating cooker according to the 
present invention detects the operating state of the 

55 high-frequency inverter and detects the inappropriate 
load by tfie operating state. Witii this anrangement. the 
detection of the inappropriate load can be easily 
achieved. 
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Another induction heating cooker according to the 
present invention detects the input cunent to the high- 
frequency inverter and the voltage of the first switching 
element or the second switching element and delects 
the inappropriate load by the input current value of the 
high-frequency inverter and the voltage values of the 
first or second switching element. The characteristics of 
the input current of the high-frequency inverter relative 
to the voltages of the switching elements depends on 
the type of the load, and tiierefore. the inappropriate 
load can be easily detected by the aforementioned 
induction heating cooker. 

Another induction heating cooker according to the 
present invention outputs a start signal for starting the 
high-frequency inverter and a stop signal for stopping 
the high-frequency inverter. The high-frequency inverter 
starts the switching elements with a delay for a prede- 
termined time after receiving the start signal. With this 
arrangement, the inverter starts its operation after 
becoming in a stabilized state sukssequent to the start of 
the induction heating cooker. Therefore, the reliability 
can be improved. 

The DC power source for supplying an electric 
power to the inverter may be comprised of a commercial 
power source, a rectifier for rectifying the commercial 
power source and a smoothing capacitor connected to 
the output of the rectifier. In this case, another induction 
heating cooker according to the present invention mon- 
itors the power state of the commercial power source 
and stops driving the switching elements when detect- 
ing the abnormal state of the commercial power source. 
With this arrangement, the operation can be stopped 
when the DC power source for supplying an electric 
power to the inverter becomes abnormal, so that the 
inverter can be prevented from being damaged. 

Another induction heating cooker according to the 
present invention outputs a signal for gradually increas- 
ing the input power from a predetermined minimum 
input power when the high-frequency inverter is started 
. and controls the conduction ratio between the switch- 
ing elements on the basis of this signal. With this 
arrangement, the inverter operation can shift gradually 
from an operation state where the voltage and current 
loads are small to an operation state where those are 
large, thereby allowing a secure operation to be 
achieved. 

Another induction heating cooker according to the 
present invention receives a set value of the input power 
of the high-frequency inverter, compares a reference 
voltage whose value gradually varies to a voltage set 
based on this input set value with a predetermined trian- 
gular wave voltage and controls the conduction ratios of 
the switching elements on the basis of an output voltage 
generated according to the comparison result. With this 
arrangement, the inverter operation can progress grad- 
ually from the operation state where the voltage and 
cunrent loads are small, thereby allowing a secure oper- 
ation to be achieved. 



Another induction heating cooker according to the 
present invention has a dead time which is a period in 
which both the first and second switching elements are 
nonconductive at the time of changing the conducting 

5 periods of the first and second switching elements. This 
anrangement can prevent the concurrent conduction of 
both the switching elements, thereby allowing the relia- 
bility to be improved. 

In the above-mentioned induction heating cooker. 

10 the dead time of both the switching elements may be set 
on the basis of the operating state of the high-frequency 
inverter. With this arrangement, a switching operation 
with a timing appropriate for each switching element can 
be executed, thereby allowing an optimum inverter 

IS operation to be achieved. 

Another induction heating cooker according to the 
present invention sets the dead time to a predetermined 
time. Thus, the dead time can be easily set. 

Another induction heating cooker according to the 

20 present invention makes a dead time from the end point 
of the conducting period of the first switching element to 
the start point of the conducting period of the second 
switching element differ from a dead time from the end 
point of the conducting period of the second switching 

25 element to the start point of the conducting period of the 
first switching element. With this arrangement, a switch- 
ing operation with a timing appropriate for each switch- 
ing element can be executed by an easy method, 
thereby allowing an optimum inverter operation to be 

30 achieved. 

Another induction heating cooker according to the 
present invention changes the capacitance of the first 
resonance capacitor according to the load to be heated 
by the coil. With this arrangement, an inverter operation 

35 appropriate for the load to be inductively heated can be 
achieved. 

Another induction heating cooker according to the 
present invention changes the capacitance of the sec- 
ond resonance capacitor according to the load to be 

40 heated by the coil. With this arrangement, an inverter 
operatfon appropriate for the load to be inductively 
heated can be achieved. 

Another induction heating cooker according to the 
present invention changes the inductance of the coil 

45 according to the load to be heated by the coil. With this 
anrangement. an inverter operation appropriate for the 
load to be inductively heated can be achieved. 

Another induction heating cooker according to the 
present invention changes the length of a gap between 

50 the coil and the load according to the load to be heated 
by the coil. With this anwgement. an inverter operation 
appropriate for the load to be inductively heated can be 
achieved. 

Another induction heating cooker according to the 
55 present invention may detect the load to be inductively 
heated, by which an inverter operation appropriate for 
the load can be achieved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a high-frequency 
inverter according to a first enrdxxjiment. 

Fig. 2 is a chart of operating waveforms at several 
parts of the high-frequenc/ inverter of the first enntxxJi- 
m&it. 

Fig. 3 is a graph of a characteristic of the conduc- 
tion ratio relative to the input power of the high-fre- 
quency inverter in the first embodiment. 

Fig. 4 is a circuit diagram of a modification example 
of the high-frequency inverter of the first embodiment. 

Fig. 5 is a circuit diagram of another modification 
example of the high-frequency inverter of the first 
embodiment. 

Fig. 6 is a circuit diagram of yet another modifica- 
tion example of the high-frequency inverter of the first 
embodiment. 

Fig. 7 is a circuit diagram of yet another modifica- 
tion example of the high-frequency inverter of the first 
embodiment. 

Fig. 8 is a circuit diagram of a high-frequency 
inverter according to a second embodiment. 

Fig. 9 is a chart of operating waveforms at several 
parts of the high-frequency inverter of the second 
embodiment. 

Fig. 10 is a circuit diagram of a modification exam- 
ple of the high-frequency inverter of the second embod- 
iment. 

Fig. 1 1 is a circuit diagram of another nxxJif icatlon 
example of the high-frequency inverter of the second 
embodiment. 

Fig. 12 is a circuit diagram of yet another modifica- 
tion example of the high-frequency inverter of the sec- 
ond embodiment. 

Fig. 13 is a circuit diagram of yet another modifica- 
tion example of the high-frequency inverter of the sec- 
ond embodiment. 

Fig. 14 is a circuit diagram of an induction heating 
cooker according to a third emtxxJiment. 

Fig. 15 is a chart of operating waveforms at several 
parts of the inverter circuit of the induction heating 
cooker of the third embodiment 

Fig. 16 is a circuit diagram of an induction heating 
cooker according to a fourth embodiment. 

Fig. 17 is a graph of a characteristic of the input 
power relative to Voun of the induction heating cooker of 
the fourth embodiment. 

Fig. 18 is a table showing a relationship between 
set values and the input power at the input section of the 
induction heating cooker of the fourth embodiment. 

Fig. 19 is a table showing a relationship between 
set values and Vq^j^ at the input section of the induction 
heating cooker of the fourth emt)odiment. 

Fig. 20 is a circuit diagram of an induction heating 
cooker according to a fifth embodiment. 

Fig. 21 is a graph of a characteristic of the ccnduct- 
ing time relative to the input power of the first switching 



element of the induction heating cooker of the fifth 
embodiment. 

Rg. 22 is another graph of the characteristic of the 
conducting time relative to the input power of the first 
5 switching element of the induction heating cooker of the 
fifth embodiment. 

Rg. 23 is a circuit diagram of an induction heating 
cooker according to a sixth embodiment. 

Rg. 24 is a graph of a characteristic of the ir^ut 
10 power relative to the voltage across both terminals of 
the first switching element of the induction heating 
cooker of the sixth embodiment. 

Rg. 25 is a circuit diagram of an induction heating 
cooker according to a seventh embodiment. 
15 Rg. 26 is a graph of a characteristic of the input 
power relative to the voltage across both terminals of 
the first switching element of the induction heating 
cooker of the seventh embodiment. 

Fig. 27 is a circuit diagram of an induction heating 
20 cooker according to an eighth embodiment. 

Fig. 28 is a graph of a characteristic of the input 
power relative to the voltage across both terminals of 
the second switching element of the induction heating 
cooker of the eighth embodiment. 
25 Rg. 29 is a circuit diagram of an induction heating 
cooker according to a ninth embodiment. 

Rg. 30 is a graph of a characteristic of the voltage 
across both terminals of the second switching element 
relative to the voltage across both terminals of the first 
30 switching element of the induction heating cooker of tiie 
nintii embodiment. 

Fig. 31 is a circuit diagram of an induction heating 
cooker according to a tentii errdjodiment. 

Fig. 32 is a graph of a characteristic of tiie input 
35 power relative to the voltage difference between the 
voltages across both terminals of the switching ele- 
ments of the induction heating cooker of the tenth 
embodiment. 

Rg. 33 is a circuit diagram of an induction heating 
40 cooker according to an eleventh emtxxjiment. 

Fig. 34 is a graph of a characteristic of tiie input 
power relative to the heating coil current of the induction 
heating cooker of the eleventii embodiment. 

Rg. 35 is anotiier graph of the characteristic of the 
45 input power relative to the heating coil current of the 
induction heating cooker of the eleverrth emtxxliment. 

Rg. 36 is a circuit diagram of an induction heating 
cooker according to a twelftii emkxxiiment. 

Rg. 37 is a graph of a characteristic of tiie input 
50 power relative to the current of the first switching ele- 
ment of the induction heating cooker of the twelfth 
en*>odiment. 

Rg. 38 is another graph of the characteristic of the 
input power relative to the current of the first switching 
55 element of the induction heating cooker of the twelftii 
embodiment. 

Rg. 39 is a circuit diagram of an induction heating 
cooker according to a thirteenth embodiment. 
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Fig. 40 is a graph of a characteristic of the input 
power relative to the element current of the second 
switching element of the induction heating cooker of the 
thirteenth emtxxliment. 

Fig. 41 is another graph of the characteristic of the 
input power relative to the current of the second switch- 
ing element of the induction heating cooker of the thir- 
teenth embodiment. 

Fig. 42 is a circuit diagram of an induction heating 
cooker according to a fourteenth embodiment. 

Fig. 43 is a graph of a characteristic of the conduct- 
ing time of the first switching element relative to the cur- 
rent of the second switching element of the induction 
heating cooker of the fourteenth embodiment. 

Fig. 44 is a circuit diagram of a modification exam- 
ple of the inverter circuit. 

Fig. 45 is a circuit diagram of another modification 
example of the inverter circuit. 

Fig. 46 is a circuit diagram of yet another modif ica- 
tion example of the inverter circuit. 

Fig. 47 is a circuit diagram of yet another modifica- 
tion example of the inverter circuit. 

Fig. 48 is a circuit diagram of yet another modifica- 
tion example of tiie inverter circuit. 

Fig. 49 is a circuit diagram of an induction heating 
cooker according to a fifteenth emtxxJIment. 

Fig. 50 is a graph of a characteristic of the input cur- 
rent relative to tiie voltage across both terminals of the 
first switching element of tiie induction heating cooker of 
the f ifteenth embodiment. 

Fig. 51 is a circuit diagram of an induction heating 
cooker according to a sixteenth embodiment. 

Fig. 52 is a graph of a characteristic of the input cur- 
rent relative to tiie voltage across both terminals of the 
second switching element of the induction heating 
cooker of the sixteenth embodiment. 

Fig. 53 is a circuit diagram of an induction heating 
cooker according to a seventeenth emtxxJiment. 

Fig. 54 is a circuit diagram off an induction heating 
cooker according to an eighteenth embodiment. 

Fig. 55 is a chart showing tiie input voltage and the 
output voltage of the comparator of the eighteenth 
embodiment. 

Fig. 56 is a circuit diagram of an induction heating 
cooker according to a nineteenth embodiment. 

Fig. 57 is a timing chart for explaining tiie operation 
of the induction heating cooker of the nineteenth 
embodiment. 

Fig. 58 is a circuit diagram of an induction heating 
cooker according to a twentieth enlbodiment and a 
twenty-first embodiment. 

Fig. 59 is a timing chart for explaining tiie operation 
of the induction heating cooker of tiie twentieth embod- 
iment. 

Fig. 60 is a timing chart for explaining tiie operation 
of tiie induction heating cooker of the twenty-first 
embodiment when the input power is small. 

Fig. 61 is a timing chart for explaining tiie operation 



of tiie induction heating cooker of the twentietii embod- 
iment when ttie input power is small. 

Fig. 62 is a circuit diagram of an induction heating 
cooker according to a twenty-second embodiment. 
5 Fig. 63 is a timing chart for explaining tiie operation 
of the induction heating cooker of tiie twenty-second 
embodiment operating with a rated power consunrtption. 

Fig. 64 is a timing chart for explaining ttie operation 
of the induction heating cooker of the twenty-second 
10 embodiment when a relay is turned on. 

Rg. 65 is a timing chart for explaining tiie operation 
of the induction heating cooker of ttie twenty-second 
embodiment when the relay is turned off. 

Fig. 66 is a circuit diagram of an induction heating 
15 cooker according to a twenty-third embodiment. 

Fig. 67 is a circuit diagram of an induction heating 
cooker according to a twenty-fourth embodiment. 

Rg. 68 is a circuit diagram of an induction heating 
cooker according to a twenty-fifth embodiment. 
20 Rg. 69 is a circuit diagram of an induction heating 
cooker according to a twenty-sixth embodiment. 

Rg. 70 is a circuit diagram of an induction heating 
cooker according to a twenty-seventh embodiment. 
Fig. 71 is a circuit diagram of a prior art induction 
25 heating cooker. 

Fig. 72 is a timing chart for explaining ttie operation 
of the prior art induction heating cooker. 

Rg. 73 is a graph of a characteristic of tiie conduc- 
tion ratio relative to the input power of the prior art 
30 induction heating cooker. 

DETAIL DESCRIPTION OF THE INVENTION 

Preferred embodiments of ttie high-frequency 
35 inverter and tiie induction heating cooker to which the 
inverter is applied according to tiie present invention will 
be described below witii reference to the accompanying 
drawings. 

40 (Embodiment. 1> 

Rg. 1 shows a circuit diagram of an induction heat- 
ing cooker employing a high-frequency inverter accord- 
ing to a first embodiment. In Fig. 1 , tiie induction heating 

45 cooker includes: an inverter circuit 2 for converting a 
direct current from a DC power source 1 into a high-fre- 
quency cun-ent: and a control circuit 3 for cont-olling the 
inverter circuit 2. The inverter circuit 2 is comprised of: a 
one-transistor inverter 100 constructed of a heating coil 

50 4 which serves as a heating use coil whose one termi- 
nal is connected to the positive side of tiie DC power 
source 1. an IGBT (Insulated Gate Bipolar Transistor) 5 
provided with a built-in reverse conducting diode which 
serves as a first switching element connected between 

55 tiie other terminal of tiie heating coil 4 and tiie negative 
side of the DC power source 1 and a first resonance 
capacitor 6 connected in parallel witii the heating coil 4; 
and a series circuit constructed of an IGBT 7 provided 
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diode of the second switching element 7 is turned 
on and the system operation shifts to Mode 3a. 
(Mode 3a) In this mode, the first switching element 
5 Is turned off and the second switching element 7 
5 is turned on. The current path extends sequentially 
from heating coil 4 -> second resonance capacitor 
8 -> reverse conducting diode of second switching 
element 7 -> heating coil 4 and also &ctends 
sequentially from heerting coil 4 -> first resonance 
10 capacitor 6 -> heating coil 4. In the present mode, 
by turning on the second switching element 7 while 
the cun-ent Is flowing tiirough the reverse conduct- 
ing diode of the second switching element, the sec- 
ond switching element 7 can be turned on witii the 
IS voltage across both the terminals at zero volt. 
When tiie resonance current formed by tiie heating 
coil 4 and the first and second resonance capaci- 
tors 6 and 8 is inverted, the system operation shifts 
to Mode 3b. 

20 (Mode 3b) In this mode, the first switching element 
5 is turned off and the second switching element 7 
is turned on. The current path extends sequentially 
from heating coil 4 ^ second switching element 7 
second resonance capacitor 8 -> heating coil 4 
25 and also extends sequentially from heating coll 4 -> 
first resonance capacitor 6 heating coil 4. After a 
lapse of the conducting time ton2. the second 
switching element 7 Is turned off and the system 
operation shifts to Mode 4. 
30 (Mode 4) In tiiis mode, the first and second switch- 
ing elements 5 and 7 are botii turned off. The cur- 
rent path extends sequentially from heating coil 4 
first resonance capacitor 6 -> heating coil 4. In 
this stage, tiie heating coil 4 and the first resonance 
35 capacitor 6 constitute a resonance circuit. When 
vc1 < -E (E Is the voltage of the DC power source 
1), the reverse conducting diode of the first switch- 
ing element 5 is turned on and the system opera- 
tion shifts to Mode 5. 
40 (Mode 5) In this mode, the first switching element 5 
is turned on and the second switching element 7 is 
turned off. In this stage, tiie current path extends 
sequentially from DC power source 1 reverse 
conducting diode of first switching element 5 
45 heating coll 4 -> DC power source 1 . When tiie cur- 
rent id flowing through the first switching element 5 
is inverted, the system operation shifts to Mode 1. 



with a built-in reverse conducting diode which serves as 
a second etching element and a second resonance 
capacitor 8. The series circuit of the IGBT 7 and the 
second resonance capacitor 8 Is connected In parallel 
with the heating coil 4. This series circuit operates as an 
auxiliary switch for achieving a constant frequency oper- 
ation by clamping the first switching element at a high 
voltage. The control circuit 3 indudes a drive circuit 9 for 
driving the IGBT 5 and the IGBT 7. The drive circuit 9 
makes the IGBT 5 and the IGBT 7 alternately conduc- 
tive at a constant operating frequency fO. It is to be 
noted that tiie capacitance of the first resonance capac- 
itor 6 is set to a value considerably smaller than tiie 
capadtance of tiie second resonance capacitor 8. 

The operation of the high-frequency inverter con- 
structed as Gdx>ve wilt be described below. 

Fig. 2 shows operation waveforms at several por- 
tions of the inverter drcuit 2. In Fig. 2, tiie IGBT 5 Is 
turned on when a gate-emitter voltage vge1 Is at high 
le^el, and the IGBT 7 Is turned on when a gate-emitter 
voltage vge2 is at high level. In Fig. 2, v^ei denotes the 
collector-emitter voltage of the IGBT 5. vce2 denotes 
the collector-emitter voltage of the IGBT 7, Id denotes 
the collector current of the IGBT 5, and ic2 denotes tiie 
collector current of the IGBT 7. The drive circuit 9 con- 
trols tiie input power by varying the time toni during 
which tiie IGBT 5 Is turned on. That is. the drive circuit 
9 executes the Input power control by varying a conduc- 
tion ratio D1 (» tonlAO) that is the ratio of the conducting 
(ON) time toni of tiie first switching element 5 relative to 
the constant operating cycle tO of the Inverter circuit 2. 
Fig. 3 Is a graph of a characteristic of tiie conduction 
ratio of the Inverter circuit 2 relative to the input power. 
As shown in this figure, Increasing the conduction ratio 
D1 can also increase the input power pin. 

The operation during one cycle of the present high- 
frequency inverter can be considered to be divided into 
six modes as shown in Rg. 2. Each of the modes in the 
steady state will be described below. 

(Mode 1) In this mode, tiie first switching element 5 
is turned on and the second switching element 7 is 
turned off. In tills stage, tiie cun-ent path extends 
sequentially from DC power source 1 -> heating 
coil 4 -> first switching element 5 -> DC power 
source 1 . After a lapse of the conducting time toni , 
the first switching element 5 is turned off and the 
system operation shifts to Mode 2. 
(Mode 2) In this mode, the first and second switch- 
ing elements 5 and 7 are tx>th turned off. In this so 
stage, the heating coil 4 and tiie first resonance 
capacitor 6 constitute a resonance circuit. In this 
stage, the voltage vd across both terminals of the 
first resonance capacitor 6 increases, and when the 
voltage vd across both terminals of the first reso- ss 
nance capacitor 6 becomes greater tiian tiie volt- 
age vc2 across both terminals of the second 
resonance capacitor 8. the reverse conducting 



As described at)ove, the high-frequency inverter of 
the present embodiment can be provided by connecting 
tiie voltage resonance one-ti^ansistor inverter circuit 
with the series circuit of the second switching element 
which operates as an auxiliary switch of which tiie con- 
duction current and application voltage are relatively 
small and the second resonance capacitor, and there- 
fore it can be implemented with a simple construction. 
The high-frequency Inverter of the present emkxxliment 
can achieve the zero voltage switching operation, and 
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therefore it can reduce the power loss, heat generation 
and noises at the two switching elements In the switch- 
ing operation. The present high-frequency inverter 
drives the inverter circuit at a constant operating fre- 
quency, and therefore, it can make the operating fre- 
quencies of the burners identical when used in the 
multi-burner induction heating cooker and solve the 
problem of the interference noises between the burners. 

In general, the inductance value of the inductor ele- 
ment (the heating coil 4 in this case) employed in the 
high-frequency inverter described above preferably has 
a large value in terms of the power loss at the elements 
in the circuit, however, its upper limit is restricted for the 
purpose of securing a specif ied input power. In the high- 
frequency Inverter of the embodiment constructed as 
above, the upper limit value of the inductance value of 
the heating coil 4 can be increased by 20 to 30% as 
corrpared with that of the prior art. With this arrange- 
ment, the magnitude of the current flowing through the 
circuit can be reduced in order to obtain an klentical 
input power. For this reason, the inverter circuit 2 can 
employ some elements having small rated values. For 
the reason that the heal generation can be reduced, a 
heat sink and so forth having a small size can be 
employed, and this can achieve the overall reduction in 
size of the inverter circuit and cost reduction. 

In the inverter circuit 2, the IGBT 7 and the second 
resonance capacitor 8 may have a positional relation- 
ship as shown in Fig. 4 reverse to that of the case 
shown in Fig. 1, where an effect similar to that of the 
aforementioned Inverter circuit can be obtained. 

In the inverter circuit 2. the connection of the first 
resonance capacitor 6 may be changed so that the first 
resonance capacitor 6 is connected in parallel with the 
IGBT 5 which serves as the first switching element as 
shown in Fig. 5. In the inverter circuit 2, it is acceptable 
to divide the first resonance capacitor 6 into two capac- 
itors 6a and 6b and connect the capacitors 6a and 6b in 
parallel with the IGBTs 7 and 5. respectively, as shown 
in Fig. 6. 

Further, in the inverter circuit 2. the first switching 
element may be provided with a reverse current block- 
ing type element as shown in Fig. 7. 

<Embodiment.2) 

Fig. 8 shows a circuit diagram of an induction heat- 
ing cooker employing a high-frequency inverter accord- 
ing to a second embodiment. In Fig. 2. the induction 
heating cooker includes: an inverter circuit 2 for convert- 
ing a direct current from the DC power source 1 Into a 
high-frequency current; and a control circuit 3 for con- 
trolling the inverter circuit 2. The inverter circuit 2 is 
comprised of: a heating coil 4 whose one terminal is 
connected to the positive side of the DC power source 
1 ; an IGBT 5 provided with a built-in reverse conducting 
diode which serves as a first switching element con- 
nected between the other ternfiinal of the heating coil 4 



and the negative side of the DC power source 1; a 
series circuit constructed of an IGBT 7 provided with a 
built-in reverse conducting diode which serves as a sec- 
ond switching element and a second resonance capac- 

5 itor 8, the series circuit connected in parallel with the 
heating coil 4; and a first resonance capacitor 6 con- 
nected between the connection point of the IGBT 7 and 
the second resonance capacitor 8 and one terminal on 
the low potential side of the DC power source 1 of the 

10 IGBTS. 

The series circuit of the IGBT 7 and the second res- 
onance capacitor 8 operates as an auxiliary switch for 
achieving constant frequency control by clamping the 
voltage across both terminals of the first switching ele- 

75 ment 5 at a high voltage. The control drcuit 3 includes a 
drive circuit 9 for driving the IGBT 5 and the IGBT 7. The 
drive circuit 9 makes the IGBT 5 and the IGBT 7 alter- 
nately conductive at a constant operating frequency fO 
and controls input power by varying a conduction ratio 

20 D1 = tonl/tO that is the ratio of the conducting time 
ton1 of the first switching element 5 relative to the con- 
stant operating cycle tO (= 1/fO) of the inverter circuit 2. 

Rg. 9 shows operation waveforms at several por- 
tions of the inverter circuit 2. In Fig. 9, vgel denotes the 

25 gate-emitter voltage of the IGBT 5, vge2 denotes the 
gate-emitter voltage of the IGBT 7, vcel denotes the 
collector-emitter voltage of the IGBT 5, vce2 denotes 
the collector-emitter voltage of the IGBT 7, id denotes 
the collector current of the IGBT 5 and ic2 denotes the 

30 collector current of the IGBT 7. 

Tlie operation during one cycle of the present high- 
frequency inverter can be considered to be divided into 
six modes as follows. Each of the modes in the steady 
state will be described below. 

35 

(Mode 1) In this mode, the first switching element 5 
is turned on and the second switching element 7 is 
turned off. In this stage, the current path extends 
sequentially from DC power source 1 heating 

40 coil 4 -> first switching element 5 DC power 
source 1 . After a lapse of the conducting time ton1 . 
the first switching element 5 is turned off and the 
system operation shifts to Mode 2. 
(Mode 2) In this mode, the first and second switch- 

45 ing elements 5 and 7 are both turned off. In this 
stage, the heating coil 4, the second resonance 
capacitor 8 and the first resonance capacitor 6 con- 
stitute a resonance circuit to generate a resonance 
current. That is, the current path extends sequen- 

50 tially from heating coil 4 -> second resonance 
capacitor 8 -> first resonance capacitor 6 DC 
power source 1 -> heating coll 4. When the voltage 
vcl across both terminals of the first resonance 
capacitor 6 increases and becomes greater than 

55 the voltage E of the DC power source 1 . the reverse 
conducting diode of the second switching element 7 
is turned on and the system operation shifts to 
Mode 3a. 
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(Mode 3a) In this mode, the first switching element 
5 is turned off and the second switching element 7 
is turned on. The current path extends sequentially 
from heating coil 4 second resonance capacitor 
8 -> first resonance capacitor 6 DC power 
source 1 -> heating ooil 4 -> and also extends 
sequentially from heating coil 4 second reso- 
nance capacitor 8 -> reverse conducting diode of 
second switching element 7 -> heating coil 4. In this 
mode, further resonance is caused by the heating 
coil 4 and the second resonance capacitor 8 in 
addition to the resonance of the Mode 2. In the 
present mode, by turning on the second switching 
element 7 while the current is flowing through the 
reverse conducting diode of the second switching 
element, the second s^ntching element 7 can be 
turned on with the voltage across both the terminals 
at zero volt. The resonance cunrent is inverted and 
the system operation shifts to Mode 3b. 
(Mode 3b) In this mode, the first switching element 

5 is turned off and the second switching element 7 
is turned on. The current path attends sequentially 
from heating coil 4 ^ DC power source 1 -> first 
resonance capacitor 6 -> second resonance capac- 
itor 8 heating coil 4 and extends sequentially 
from heating coil 4 second switching element 7 
-> second resonance capacitor 8 -> heating coil 4. 
That is. a resonance current is formed by the reso- 
nance of the heating coil 4 and tiie first and second 
resonance capacitors 6 and 8. After a lapse of the 
conducting time ton2. the second switching ele- 
ment 7 is turned off and the system operation shifts 
to Mode 4. 

(Mode 4) In this mode, the first and second switch- 
ing elements 5 and 7 are both turned off. The cur- 
rent path extends sequentially from heating coil 4 
-> DC power source 1 first resonance capacitor 

6 second resonance capacitor 8 -> heating coil 
4. When the voltage vcl of the first resonance 
capacitor 6 becomes vcl < 0, the reverse conduct- 
ing diode of the first switching element 5 is turned 
on and the system operation shifts to Mode 5. 
(Mode 5) In this mode, tiie first switching element 5 
is turned on and the second switching element 7 is 
turned off. In tiiis stage, the current patii extends 
sequentially from heating coil 4 -> DC power 
source 1 reverse conducting diode of first switch- 
ing element 5 -> heating coil 4. When the cunrent 
id flowing through the first switching element is 
inverted, the system operation shifts to Mode 1 . 

As described at^ove. the high-frequency inverter of 
the present emtxxliment also operates similar to that of 
the first embodiment. Therefore, an effect similar to that 
of the first embodiment can be obtained also by the 
high-frequency inverter of the present embodiment. 

In the inverter circuit 2 shown in Rg. 8, the first res- 
onance capacitor 6 is connected between the negative 



side of the DC power source 1 and the connection point 
of the IG6T 7 and tiie second resonance capacitor 8. 
However, as shown in Fig. 10. there may be a construc- 
tion in which the capacitor is connected between the 

5 positive side of the DC power source 1 and the connec- 
tion point of the IGBT 7 and the second resonance 
capacitor 8. In the inverter circuit 2, it is acceptable to 
divide the first resonance capacitor 6 into two capacitors 
6a and 6b, connect tiie capacitor 6a between tiie nega- 

10 tive side of the DC power source 1 and the connection 
pdnt of the IGBT 7 and the second resonance capacitor 
8 and connect the capacitor 6b between the positive 
pole of the DC power source 1 and the connection point 
of the IGBT 7 and the second resonance capacitor 8 as 

15 shown in Rg. 11. 

In the inverter circuit 2 shown in Fig. 10. there may 
be a construction in which the second resonance 
capacitor 8 is inserted between the collector terminal of 
the IGBT 7 and the connection point of the DC power 

20 source 1 and the heating coil 4 as shown in Fig. 12. 

Further, in the inverter circuit 2, the first switching 
element 5 may be comprised of a reverse cunrent block- 
ing type element as shown in Fig. 13. 

25 <Embodiment.3> 

Rg. 14 shows a circuit diagram off an induction 
heating cooker according to a tiiird embodiment. In Rg. 
14, the induction heating cooker includes: an inverter 

30 circuit 2 for converting a direct current from a DC power 
source 1 into a high-frequency current; a drive circuit 9 
for controlling the inverter circuit 2; a current transformer 
10 for detecting a current inputted to the inverter circuit 
2; and an ijn detection circuit 1 1 for outputting a voltage 

35 based on an output from the current transformer 10. In 
this case, the current transformer 10 and the ijn detec- 
tion circuit 11 constitute an input current detecting 
means for detecting tiie input current to the inverter cir- 
cuit 2. 

40 The inverter circuit 2 is comprised of: a heating coil 
4 whose one terminal is connected to the positive side 
of the DC power source 1 via the primary side of the 
current transformer 10; an IGBT 5 provided with a built- 
in reverse conducting diode which serves as a first 

45 switching element connected between the other termi- 
nal of tiie heating coil 4 and ttie negative side of tiie DC 
power source 1 ; a first resonance capacitor 6 which is 
connected in parallel with the IGBT 5 and forms a reso- 
nance circuit with the heating coil 4; and a series circuit 

50 constructed of an IGBT 7 provided with a built-in reverse 
conducting diode which serves as a second switching 
element and a second resonance capacitor 8. the 
series circuit connected in parallel with the heating coil 
4. 

55 Further, the secondary side of the current brans- 
former 1 0 is connected to tiie ijp detection circuit 1 1 , the 
output of the ijn detection circuit 1 1 is connected to the 
drive circuit 9, and the drive circuit 9 is connected to the 
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gate terminal of the IGBT 5 and the gate terminal of the 
IGBT7. 

The operation of the induction heating cooker con- 
structed as above will be described below. 

Fig. 1 5 shows operation waveforms at several parts s 
of the inverter circuit 2 of the induction heating cooker. 
In Fig. 15. vgel denotes the gate-emitter voltage of the 
IGBT 5, vge2 denotes tiie gate-emitter voltage of the 
IGBT 7. vce1 denotes the collector-emitter voltage of 
the IGBT 5, vce2 denotes the collector-emitter voltage io 
of the IGBT 7, Id denotes the collector current of the 
IGBT 5, ic2 denotes the collector current of the IGBT 7. 
id denotes the cun-ent of the first resonance capacitor 
6, vc2 denotes the voltage of the second resonance 
capacitor 8 and ij, denotes the current of the heating coil is 

4. Further, 10 denotes the operating cycle of the inverter 
circuit 2, toni denotes the conducting time of the IGBT 

5, ton2 denotes the conducting time of the IGBT 7, tdl 
and td2 each denote a "dead time" in which the IGBT 5 
and the IGBT 7 are both nonconductive. The operating 20 
cycle to of the inverter circuit 2 is controlled to be con- 
sistently constant. 

The operation during one cycle of this inverter cir- 
cuit 2 can be considered to be divided into six modes as 
follows. Each of the modes In the steady state will be 25 
described below. 

(Mode 1) In this mode, the first switching element 5 
is turned on and the second switching element 7 is 
turned off. In this stage, the cun-ent path extends 30 
sequentially from DC power source 1 heating 
coil 4 ^ first switching element 5 ^ DC power 
source 1 . After a lapse of the conducting time toni , 
the first switching element 5 is turned off and the 
system operation shifts to Mode 2. 35 
(Mode 2) In this mode, the first and second switch- 
ing elements 5 and 7 are both turned off. The cur- 
rent path extends sequentially from heating coil 4 
first resonance capacitor 6 ^ DC power source 
1 heating coil 4. In this stage, the heating coil 4 40 
and the first resonance capacitor 6 constitute a res- 
onance circuit. When the voltage vcel across both 
terminals of the first switching element 5 increases 
and becomes greater than a value obtained by sub- 
tracting a voltage vcs across both terminals of the 45 
second resonance capacitor 8 from the voltage of 
the DC power source 1. the reverse conducting 
diode of the second switching element 7 is turned 
on and the system operation shifts to Mode 3a. 
(Mode 3a) In this mode, the first switching element so 
5 is turned off and the second switching element 7 
is turned on. TTie cun'ent path extends sequentially 
from heating coil 4 reverse conducting diode of 
second switching element 7 second resonance 
capacitor 8 -> heating coll 4 and also extends ss 
sequentially from heating coil 4 first resonance 
capacitor 6 -> DC power source 1 -> heating coil 4. 
When a resonance current caused by the reso- 



nance of the heating coil 4 and the first and second 
resonance capacitors 6 and 8 is inverted, the sys- 
tem operation shifts to Mode 3b. 
(Mode 3b) In this mode, the first switching element 

5 is turned off and the second switching element 7 
is turned on. The current path extends sequentially 
from heating coil 4 second resonance capacitor 
8 -> second switching element 7 -> heating coil 4 
and also extends sequentially from heating coil 4 
DC power source 1 -> first resonance capacitor 6 

heating coil 4. In this mode, a resonance current 
is caused by the resonance of the heating coil 4 and 
the first and second resonance capacitors 6 and 8. 
After a lapse of the conducting time ton2, the sec- 
ond switching element 7 is turned off and the sys- 
tem operation shifts to Mode 4. 
(Mode 4) In this mode, the first and second switch- 
ing elements 5 and 7 are both turned off. TTie cur- 
rent path extends sequentially from heating coil 4 
-> DC power source 1 first resonance capacitor 

6 heating coil 4. In this stage, a current is formed 
by the resonance of the heating coil 4 and the first 
resonance capacitor 6, and the vce1 across both 
terminals of the first switching element 5 is lowered. 
When the voltage vcel becomes vce1 < 0, the 
reverse conducting diode of the first switching ele- 
ment 5 is turned on and the system operation shifts 
to Mode 5. 

(Mode 5) In this mode, the first switching element 5 
is turned on and the second switching element 7 is 
turned off. In this stage, the cun-ent path extends 
sequentially from heating coil 4 ^ DC power 
source 1 -> reverse conducting diode of first switch- 
ing element 5 heating coil 4. When the current 
id flowing through the first switching element is 
inverted, the system operation shifts to Mode 1 . 

When the induction heating cooker is operated by 
the operation of the inverter circuit 2 as described 
above, tiie current transformer 10 detects the input cur- 
rent ijn of tiie inverter circuit 2. and the \\n detection cir- 
cuit 11 outputs a detection result according to the 
magnitude of tiie input current on tiie basis of the out- 
put from the cun-ent transformer 10. The drive circuit 9 
detects the input current ijn on the basis of the detection 
result outputled from the ijn detection circuit 1 1 . sets the 
conduction ratio D1 (= tonl/tO) on tiie basis of the value 
and drives tiie IGBT 5 and the IGBT 7. 

Assuming tiiat the voltage of tiie DC power source 
1 is E, ttien tiie input power Pjn can be obtained accord- 
ing to tiie following equation. 



«0 '0 

= 1 J £/,„d/ = £ f r ii,dt - Ei^iave) (1) 

0 ° 0 

wherein iin(ave) represents the average value of the 
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input current ijn. Therefore, the input power Pj^ can be 
detected by detecting the input current ijp of the irrverter 
circuit 2. The drive circuit 9 detects the input power pj^ 
on the basis of the input current ijn, compares the 
detected value of the input power pin with a control tar- 5 
get value of the input power and controls the conduction 
ratio D1 so that the input power approaches the control 
target value on the basis of the difference. That is, the 
conduction ratio D1 is controlled so that it is decreased 
when the detected value of the input power pj^ is greater 10 
than the control target value or increased when the 
detected value of the input power p,p Is smaller than the 
control target value. As described above, the drive cir- 
cuit 9 makes the IGBT 5 and the IGBT 7 alternately con- 
ductive at the constant operating frequency fO (=1/tO), 15 
and therefore, the constant frequency operation of the 
inverter circuit 2 can be achieved. In this case, as the 
control target value, for example, a set value inputted by 
an operator, a specified value set inside the heating 
cooker or the like is used. 20 

As described above, the present embodiment can 
execute the feedback control of the input power of the 
inverter circuit 2 by controlling the conduction ratio D1 
so that the input power pjn approaches the control target 
value on the basis of the detected input cun^ent ijn. 2s 
thereby allowing the input power Pj^ to be con^ectly con- 
trolled. 

It is to be noted that another circuit as described in 
connection with the first embodiment or the second 
embodiment may be used as the inverter circuit 2 in the 30 
present enit>odiment or the subsequent embodiments. 

(Embodiment.4) 

Fig. 16 shows a circuit diagram of an induction 35 
heating cooker according to a fourth embodiment. In the 
circuit shown in Fig. 16. an AC voltage supplied from a 
commercial power source 12 is rectified by a diode 
bridge 13. and an output from the diode bridge 13 Is 
smoothed by a smoothing capacitor 14, thereby obtain- 40 
ing a DC voltage. That is. the snKDothIng capacitor 14 
operates as a DC power source for supplying the DC 
voltage to an inverter circuit 2. 

The inverter circuit 2 of the present embodiment 
has the same construction as that of the inverter circuit 45 
shown in the third embodiment. The primary side of a 
current transformer 10 is connected between the com- 
mercial power source 12 and the negative side of the 
diode bridge 1 3. while the secondary side of the current 
transformer 10 is connected to the Input of an ij„ detec- so 
Won circuit 11. The output of the ijn detection circuit 1 1 
and the output of an input section 17 are (X)nnected to 
the input of a compare circuit 18, the output of the com- 
pare circuit 18 is connected to a drive circuit 9, and the 
drive circuit 9 is connected to the gates of an IGBT 5 ss 
and an IGBT 7. 

The operation of the induction heating cooker of the 
present emkxxJiment constructed as above will be 



descr9>ed with reference to Fig. 1 7 through Fig. 1 9. 

When an arbitrary input power Pj^ is set in the input 
section 17, the induction heating cooker starts its oper- 
ation, by which the input section 17 outputs a specified 
voltage vout2 corresponding to the set value of the input 
power Pjn. The current transformer 10 detects an input 
current Ijn inputted from the commercial power source 
12 to the induction heating cooker, and the ijn detection 
circuit 1 1 outputs a voltage as vouti conresponding to 
the magnitude of the Input current ijn. Since the input 
power can be detected from the input current as 
described before, the output voltage vouti comes to 
have a value corresponding to the irput power. Rg. 17 
shows a relationship between the input power Pjn and 
the output voltage vouti in the ijn detection circuit 1 6. As 
shown in this graph, the magnitude of the input power 
Pjn is specified by the output voltage vouti. Fig. 18 
shows relationships between the set values of the input 
power in the input section 17 and an output voltage 
vout2 of the input section 17 corresponding to the set 
values. Although the set values are in five steps in this 
case, the set values may be set in a greater number of 
steps or a smaller nunrtiDer of steps. Fig. 19 shows a 
relationship between the set values of the input power in 
the input section 1 7 and the output voltage vout2 corre- 
sponding to the set values. From the relationships 
shown in Fig. 18 and Fig. 19, a relationship between the 
set values of the input power and the output voltage 
vout2 of the input section 1 7 can be found. The compare 
circuit 18 compares the output voltage vouti of the ijn 
detection circuit 1 1 with the output voltage vout2 of the 
Input section 1 7 and outputs a voltage corresponding to 
a difference between these output voltages to the drive 
circuit 9. Based on the magnitude of the difference 
between the set value set by the input section 17 and 
the detected input current value, detected by the output 
of the comparator circuit 18. the drive circuit 9 controls 
the conduction ratio D1 so that the difference decreases 
to drive the IGBT 5 and the IGBT 7 with the conduction 
ratio D1 . In concrete, the drive circuit 9 executes control 
so as to decrease the conduction ratio D1 when the 
detected value of the input power based on the input 
cun-ent is greater than the set value of the input power 
and increase tiie conduction ratio D1 when the detected 
value of the input power based on the input current is 
smaller than the set value of the input power. 

As described above, by detecting the input current 
ijn and comparing the same with the input set value, 
feedback control of the input power can be executed, 
thereby allowing the input power to be con'ectly control- 
led to an input power of an arisitrary magnitude conform- 
ing to the product specifications. 

(Embodiments) 

Rg. 20 shows a circuit diagram of an induction 
heating cooker according to a fifth emtxxfiment In Fig. 
20. the induction heating cooker includes: an inverter 
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circuit 2 for converting a direct current from a DC power 
source 1 Into a high-frequency current; a current trans- 
former 10 and an l|n detection circuit 1 1 for detecting an 
input current; a drive circuit 9 for controlling the inverter 
circuit 2; and a toni detection circuit 19 for detecting the 
conducting time of the first switching element of the 
inverter circuit 2. The DC power source 1, inverter cir- 
cuit 2, current transformer 10 and ijn detection circuit 1 1 
are the same as those of the third embodiment. 

The cun-ent transformer 10 is connected between 
the negative side of the DC power source 1 and the low- 
voltage side input terminal of the inverter circuit 2. The 
output of the ijn detection circuit 1 1 is connected to the 
drive circuit 9. The toni detection circuit 19 which 
serves as a conducting time detecting means for detect- 
ing the conducting time toni of the IGBT 5 is connected 
to the drive circuit 9. 

The operation of the induction heating cooker of the 
present embodiment constructed as above will be 
desaibed. 

Similar to the case of the third embodiment, the 
drive circuit 9 sets the conduction ratio D1 tased on the 
output of the input current detecting means constructed 
of the current transformer 10 and the ijn detection circuit 
1 1 and drives the IGBT 5 and the IGBT 7 with the con- 
duction ratio D1. That is, feedback control of the input 
power Pin is executed by the input current ijn- 

The ton1 detection circuit 1 9 detects the conducting 
time toni of the IGBT 5 and outputs a voltage corre- 
sponding to the duration of the conducting time toni. 
When the drive circuit 9 executes the feedback control 
of the input power Pin by the input current ijn as 
described above, the drive circuit controls the conduc- 
tion ratio D1 based on the conducting time ton1 of the 
IGBT 5 detected by the toni detection circuit 19 so that 
the input current iin, i.e., the Input power pin does not 
exceed the upper limit value determined according to 
the conducting time toni of the IGBT 5. 

Fig. 21 shows a graph of a characteristic of the con- 
ducting time toni of the IGBT 5 relative to the input 
power Pin in the case where the load is a magnetic pan 
and that in the case where the load is a nonmagnetic 
pan. The thick solid line "a" in the graph represents the 
upper limit value of the input power Pin. and the upper 
limit value of the input power Pjn varies depending on 
the corxJucting time toni. That is, the upper limit value 
is set to 2000 W when the conducting time toni is not 
smaller than 17 ^s, and the upper limit value is set to 
1600 W when the conducting time toni is smaller than 
17 us. In this case, the input power P|n is controlled 
within a range of not greater than 1 600 W when the load 
to be Inductively heated is a nonmagnetic pan, and the 
input power Pin is controlled within a range of not greater 
than 2000 W when the load is a magnetic pan. 

A power loss at each element constituting the 
inverter circuit 2 becomes greater in the case of the 
nonmagnetic pan than in the case of the magnetic pan 
if they are compared with respect to an identical input 



power Pin. Therefore, by setting the upper limit value of 
the input power Pjn con'esponding to the conducting 
time toni as shown in Fig. 21 , the maximum value of the 
input power Pjn of the magnetic pan Is limited to 2000 W 

5 and the maximum value of the input power pin of the 
nonmagnetic pan is limited to 1600 W. Consequently, 
regardless of whether the load is the magnetic pan or 
the nonmagnetic pan. the heating operation can be exe- 
cuted without making excessive loss at each element of 

10 the inverter circuit 2 . 

me upper limit value of the input power Pin deter- 
mined for each value of the conducting time toni of the 
IGBT 5 may be set as shown in Fig. 22 or to another 
value. For example, when the upper limit value of the 

IS input power Is set so as to smoothly vary with respect to 
the conducting time toni as shown in Fig. 22, a load A 
whose characteristic of input power pjn relative to the 
conducting time toni Is intermediate between that of the 
nonmagnetic pan and that of the magnetic pan can be 

20 heated at an optimum operating point taking kxjth the 
loss of the components of the inverter circuit 2 and the 
upper limit value of the input power pjn into considera- 
tion. 

25 (Embodiment.6) 

Fig. 23 shows a circuit diagram of an induction 
heating cooker according to a sixth embodiment. 

In Fig. 23, the induction heating cooker includes: an 

30 inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a 
vcel detection circuit 21 for detecting a voltage across 
both terminals of the first switching element of the 
inverter circuit 2; and a drive circuit 9 for controlling the 

35 Inverter circuit 2. In Fig. 23, the DC power source 1 and 
the inverter circuit 2 are the same as those of the third 
embodiment. The vcel detection circuit 21 is connected 
to the collector of the IGBT 5 which serves as the first 
switching element, the output of the vcel detection cir- 

40 cult 21 is connected to the drive circuit 9, and the drive 
circuit 9 is connected to the gate terminals of the IGBT 
5 and the IGBT 7. 

The operation of the induction heating cooker con- 
structed as above will be described. When the induction 

45 heating cooker operates, the vcel detection circuit 21 
detects the collector-emitter voltage vce1 of the IGBT 5 
which serves as the first switching element and outputs 
a voltage corresponding to the magnitude of this voltage 
vcel. The drive circuit 9 sets the conduction ratio D1, 

50 i.e., the conducting times toni and ton2 of the IGBT 5 
and the IGBT 7, respectively, based on the magnitude of 
the output voltage of the vcel detection circuit 21 . arKi 
drives the IGBT 5 and the IGBT 7 according to those 
conducting times. 

55 The characteristic of the collector-emitter voltage 
vcel relative to the input power pjn of the induction heat- 
ing cooker becomes as shown in Fig. 24. From this 
characteristic, the vcel detection circuit 21 can indi- 
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recUy detect the input power Pj^ by detecting the voltage 
across both terminals of the first switching element In 
the operating stage, i.e.. the collector-emitter voltage 
vcel of the IGBT 5. The drive circuit 9 varies the con- 
duction ratio of the IGBT 5 and 7 based on the magni- 5 
tude of the collector-emitter voltage vcel of the IGBT 5 
detected by the vcel detection circuit 21 . Therefore, the 
feedback control of the input power Pi^ by the collector- 
emitter voltage vce1 of the IGBT 5 can be executed, so 
that the input power pjn can be correctly controlled with 10 
respect to the control target value of the input power 
similar to the third embodiment. 

<Embodiment.7) 

IS 

Fig. 25 shows a circuit diagram of an induction 
heating cooker according to a seventh embodiment. 

In Fig, 25, the induction heating cook^- includes: an 
inverter drcuit 2 for converting a direct cun-ent from a 
DC power source 1 into a high-frequency current; a 20 
vcel detection circuit 21 for detecting a voltage across 
both terminals of the first switching element 5 of the 
inverter circuit 2; a current transformer 10 and an ijp 
detection circuit 1 1 for detecting an input current flowing 
into the inverter circuit 2; and a drive circuit 9 for control- 2s 
ling the inverter circuit 2. In this case, the DC power 
source 1. inverter circuit 2, current transformer 10 and 
ijn detection circuit 1 1 are the same as those of the third 
embodiment. TTie vcel detection circuit 21 is the same 
as that of the sixth embodiment. The output of the vcel 30 
detection circuit 21 and the output of the ijp detection cir- 
cuit 1 1 are botii connected to the drive circuit 9. 

The operation of the induction heating cooker con- 
structed as above will be described. 

The input current detecting means constructed of 3S 
the current transformer 1 0 and the ijp detection circuit 1 1 
detects the input current ij^ of the inverter circuit 2, while 
the ijn detection circuit 1 1 outputs a voltage correspond- 
ing to tiie magnitude of the Input current ijn. The vcel 
detection circuit 21 detects the voltage across both ter- 40 
minals of the first switching element, i.e., the collector- 
emitter voltage vcel of the IGBT 5 and outputs a voltage 
oon^esponding to the ntagnitude of the collector-emitter 
voltage vcel of the IGBT 5. The drive circuit 9 drives the 
IGBT 5 and the IGBT 7 based on both the values of the 45 
output voltage of the ijn detection drcurt 1 1 and the out- 
put voltage of the vcel detection circuit 21. That is, 
when the collector-emitter voltage vcel of the IGBT 5 
detected by tiie vcel detection circuit 21 Is lower tiian a 
predetermined voltage (assumed to be 700 V in this so 
case), the drive circuit 9 controls the inverter circuit 2 
based on the output of the ijn detection circuit 11. That 
is. tiie feedback control of the input power pjn is exe- 
cuted by the input current ijn- When the voltage vcel 
detected by the vcel detection circuit 21 is 700 V, the 55 
drive circuit 9 controls the inverter circuit 2 based on the 
output of the vcel detection circuit 21 . That is. when the 
voltage vcel detected by a vcel detection circuit 23 



becomes 700 V. the drive circuit 9 limits the conduction 
ratio D1 so that the voltage vcel does not exceed 700 V. 
That Is. when the voltage vcel becomes 700 V, the con- 
duction ratio D1 is decreased so that the voltage vce1 
does not exceed 700 V. 

Rg. 26 shows the characteristic of the collector- 
emitter voltage vce1 of the IGBT 5 relative to the input 
power Pjn with respect to a type of load. As shown in this 
graph, tiie collector-emitter voltage vcel of the IGBT 5. 
i.e.. the voltage across t)oth terminals of the first switch- 
ing element does not exceed 700 V regardless of tiie 
type of tiie load, and tiierefore, the inverter circuit 2 can 
assure a safe operating state. 

<En1bodiment.8) 

Rg. 27 shows a circuit diagram of an induction 
heating cooker according to an eighth embodiment. 

In Fig. 27. the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a 
vce2 detection circuit 24 for detecting a voltage across 
both terminals of the second switching element 7 of the 
inverter circuit 2; and a drive circuit 9 for controlling the 
inverter circuit 2. In tills case, tiie DC power source 1 
and the Inverter circuit 2 are the same as those of the 
third embodiment. The input of the vce2 detection cirojit 
24 Is connected to the collector of the IGBT 7. the output 
of tiie vce2 detection circuit 24 is connected to tiie drive 
circuit 9, and tiie drive circuit 9 is connected to the gates 
of the IGBT 5 and the IGBT 7 respectively. 

The operation of the induction heating cooker con- 
structed as above will be described. 

When tiie induction heating cooker operates, the 
vce2 detection circuit 24 detects tiie collector-emitter 
voltage vce2 of the IGBT 7 based on the collector 
potential of the IGBT 7 whk:h serves as the second 
switching element 7 and outputs a voltage correspond- 
ing to the magnitude of the voltage vce2. The drive cir- 
cuit 9 sets the conducting times toni and ton2 of the 
IGBT 5 and the IGBT 7 respectively based on tiie mag- 
nitude of tiie output voltage of the vce2 detection circuit 
24 and drives the IGBT 5 and tiie IGBT 7 according to 
those conducting times toni and ton2. 

Rg. 28 shows the characteristic of tiie collector- 
emitter voltage vce2 of the IGBT 7 relative to the input 
power Pjn of the present induction heating cooker. The 
drive circuit 9 is able to Indirectly detect tiie input Pin by 
tiie magnitude of tiie voltage vce2 detected by the vce2 
detection circuit 24, execute feedback control of tiie 
input power Pjn by the voltage vce2 across both termi- 
nals of the second switching element 7 and correctiy 
control the input power pjn of the induction heating 
cooker similar to the third enU>odiment. 

<Embodiment.9> 

Rg. 29 shows a circuit diagram of an induction 



13 



25 



EP0888033A1 



26 



heating cooker according to a ninth embodiment. 

In Fig. 29. the induction heating cooker includes: an 
inverter circuit 2 ibr converting a direct current from a 
DC power source 1 into a high-frequency cun-ent; a 
vce1 detection circuit 21 for detecting a voltage across 
both terminals of the first switching element 5 of the 
inverter circuit 2; a vce2 detection circuit 24 for detect- 
ing a voltage across both terminals of the second 
switching element 7 of the inverter circuit 2; and a drive 
circuit 9 for controlling the inverter circuit 2. In this case, 
the DC power source 1 and the inverter circuit 2 are the 
same as those of the first embodiment. The vcel detec- 
tion circuit 21 is the same as that of the sixth embodi- 
ment, while the vce2 detection circuit 24 is the same as 
that of the eighth embodiment. 

The input of the vcel detection circuit 21 is con- 
nected to the collector of the IGBT 5 which serves as 
the first switching element, and the input of the vce2 
detection circuit 24 is connected to the collector of the 
IGBT 7 which serves as the second switching element 
7. The output of the vce1 detection circuit 21 and the 
output of the vce2 detection circuit 24 are both con- 
nected to the drive circuit 9. and the drive circuit 9 is 
connected to the gates of the IGBT 5 and the IGBT 7 
respectively. 

The operation of the induction heating cooker con- 
structed as above will be described. 

The vcel detection circuit 21 detects the collector- 
emitter voltage vcel of the IGBT 5 and outputs a voltage 
con-esponding to the magnitude of the voltage vcel . 
The vce2 detection circuit 24 detects the collector-emit- 
ter voltage vce2 of the IGBT 7 and outputs a voltage 
corresponding to the magnitude of the voltage vce2. 
The drive circuit 9 receives the output of the vcel detec- 
tion circuit 21 and the output of the vce2 detection circuit 
24, sets the conducting times toni and ton2 of the IGBT 
5 and the IGBT 7, respectively, based on these two out- 
puts and drives the IGBT 5 and the IGBT 7 according to 
those conducting times toni and ton2. 

Fig. 30 shows the characteristic of the voltage vce2 
across both terminals of the second switching element 
relative to the voltage vcel across both terminals of the 
first switching element with respect to a type of load. In 
this graph, the thick solid line "a" represents the upper 
limit value of the voltage across both terminals of the 
firet switching element 5. The drive circuit 9 monitors the 
voltage vcel and the voltage vce2, and controls the 
conduction ratio D1 so as to decrease the ratio D1 when 
the value of the voltage vcel exceeds the upper limit 
value shown in Fig. 30. 

As shown in Fig. 30, a magnetic pan and a non- 
magnetic pan tO.5 are not limited by the present control, 
whereas a nonmagnetic pan t1 . a nonmagnetic pan t1 .5 
and an aluminum pan are limited by the value of the 
thick solid line "a" shown in Fig. 30. In this case, T 
denotes the thickness of each pan; where the greater 
the value t is. the greater the thickness of each pan is. 
By setting the upper limit value of the voltage vcel 



as shown in Fig. 30, the drive circuit 9 can operate with- 
out limiting the input power pjp with regard to the mag- 
netic pan and the nonmagnetic pan tO.5 having a pan 
bottom thickness of 0.5 mm, where the loss of the com- 

j ponents of the inverter circuit 2 is relatively small. The 
power loss at each element inside the circuit inaeases 
according to the input power, and therefore, the power 
loss at each element of the inverter circuit 2 becomes 
relatively great for the alunriinum pan, the nonmagnetic 

w pan t1.5 and the nonmagnetic pan t1. With regard to 
these pans, the upper limit of the input power Pjp is lim- 
ited by the upper limit value of the voltage vcel set 
according to the voltage vce2. and therefore, the loss at 
each element can be suppressed. 

IS 

(Embodiment. 10> 

Rg. 31 shows a circuit diagram of an induction 
heating cooker according to a tenth embodiment. 
20 In Fig. 31 . the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current: a 
vcel detection circuit 21 for detecting a voltage across 
both terminals of the first switching element 5 of the 
25 inverter circuit 2; a vce2 detection circuit 24 for detect- 
ing a voltage across both terminals of the second 
switching element 7 of the inverter circuit 2; a subtrac- 
tion circuit 27 for outputting a difference between the 
voltage across both terminals of the first switching ele- 
30 ment 5 and the voltage across both terminals of the sec- 
ond switching element 7; and a drive circuit 9 for 
controlling the inverter circuit 2. In Fig. 31 . the DC power 
source 1 and the inverter circuit 2 are the same as those 
of the third embodiment, while the vcel detection circuit 
35 21 and the vce2 detection circuit 24 are the same as 
those of the ninth embodiment. The input of the vce2 
detection circuit 24 is connected to the collector termi- 
nal of the IGBT 7. The input of the voe1 detectfon circuit 
21 is connected to the collector terminal of the IGBT 5. 
40 The output of the vcel detection circuit 21 and the out- 
put of the vce2 detection circuit 24 are both connected 
to the subtraction circuit 27. The output of the subtrac- 
tion circuit 27 is connected to the drive circuit 9. 

The operation of the induction heating cooker con- 
45 structed as above will be described. 

The vcel detection circuit 21 detects the collector- 
emitter voltage vcel of the IGBT 5 and outputs a voltage 
corresponding to the magnitude of the voltage vcel. 
The vce2 detection circuit 24 detects the collector-emit- 
so ter voltage vce2 of the IGBT 7 and outputs a voltage 
corresponding to the magnitude of the voltage vce2. 
The subtraction circuit 27 outputs a value conrespond- 
ing to the magnitude of the difference between the out- 
put of the vcel detection circuit 21 and the output of the 
55 vce2 detection circuit 24, while the drive circuit 9 con- 
trols the driving of the IGBT 5 and the IGBT 7 based on 
the output of the subtraction circuit 27. Fig. 32 shows a 
graph of the characteristic of a input power pjn relative to 
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switching element voltage difference (vce1 - vce2) with 
respect to a type of load. In this graph, the thick solid 
line "a" represents the upper limit value of the voltage 
difference (vce1 - vce2) between the voltage vcel 
across both terminals of the first switching element and 5 
the voltage vce2 across both terminals of the second 
switching element. As shown in this graph, the voltage 
difference (vce1 - vce2) relative to an identical input 
power Pin is greater in the case of the nonmagnetic pan 
than in the case of the magnetic pan. The voltage differ- w 
ence (vce1 - vce2) becomes greater as the pan bottom 
thickness increases in the case of the nonnnagnetic pan. 
On the other hand, the loss of the components in the 
inverter circuit 2 is greater in the case of the nonmag- 
netic than in the case of the magnetic pan and becomes 75 
greater as the pan bottom thickness increases In the 
case of the nonmagnetic pan. in the induction heating 
cooker of the present embodiment, by limiting the volt- 
age difference (vce1 -vce2) to the upper limit >^lue (1 1 0 
V), the input power p|n can be suppressed with regard to 20 
a nonmagnetic pan t1 .2 and a nonmagnetic pan t1 .5, as 
a consequence of which the power loss at each element 
of tiie inverter circuit 2 can be suppressed. 

<Embodiment.11> 2s 

Fig. 33 shows a circuit diagram of an induction 
heating cooker according to an eleventh embodiment. 

In Fig. 33, the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 30 
DC power source 1 into a high-frequency cun-ent; a cur- 
rent transformer 29 and an II detection circuit 30 for 
detecting a current flowing through a heating coil; and a 
drive circuit 9 for controlling the inverter circuit 2. In Fig. 
33, the DC power source 1 and the inverter circuit 2 are 3s 
the same as those of the third embodiment. The current 
transformer 29 is connected in series with tiie heating 
coil 4, and the secondary side of tiie current transformer 
29 Is connected to tiie i|_ detection circuit 30. The output 
of the \i detection circuit 30 is connected to tiie drive dr- 40 
curt 9, and tiie drive circuit 9 is connected to the gates of 
the IGBT 5 and tiie IGBT 7. 

The operation of the induction heating cooker con- 
structed as above will be described. 

The current fransformer 29 and the iL detection dr- 45 
cult 30 constitute a heating coil cun^ent detecting 
means. The current transformer 29 detects the current 
of the heating coil 4, while the 1^ detection drcurt 30 out- 
puts a voltage corresponding to the magnitude of the 
cun^ent of the heating coil 4 detected by tiie current so 
transformer 29. The drive circuit 9 sets tiie conducting 
times torn and ton2 of the IGBT 5 and ttie IGBT 7 based 
on the magnitude of the output voltage of the ii_ detec- 
tion circuit 30 and drives tiie IGBT 5 and the IGBT 7 
according to tiie conducting times. ss 

Fig. 34 shows the characteristic of tiie cunent of 
the heating coil 4 relative to the input power Pj^ of a 
standard pan. The drive circuit 9 is able to indirectly 



detect ttie input power pj^ by tiie magnitude of the cur- 
rent ii^ of the heating coil 4 detected by the current ti'ans- 
former 29 and the i^ detection circuit 30 and execute 
feedback control of the input power pjn by the cunent i^, 
by varying the conduction ratio of the IGBT 5 and the 
IGBT 7 based on the magnitude of the ojnrent i|, of the 
heating coll 4, so that the input power Pj^ of the induc- 
tion heating cooker can be correctiy controlled similar to 
the third embodiment. 

The drive drcuit 9 detects the input power Pjn based 
on tiie current of the heating coil 4, compares tills 
detection value of Pjp with a control target value of tiie 
input power and controls the conduction ratio D1 so that 
the input power approaches the control target value 
based on the difference. That is. the conduction ratio D1 
is controlled in a direction in which it is decreased when 
the detection value pjn of the input power is greater than 
tiie control target value, and the conduction ratio D1 Is 
controlled in a direction in which it is increased when the 
detection value Pj^ of the input power is smaller than the 
control target value. 

Rg. 35 shows tiie characteristic of ttie current it of 
the heating coll 4 relative to the input power Pin In the 
case where the load is a magnetic pan or a nonmag- 
netic pan. As shown in the graph, the drive drcuit 9 sets 
the upper limit value of the cun^ent i^,. That is, the drive 
drcuit 9 detects the magnitude of the current i(_ from the 
output of the II detection circuit 30 during the feedback 
control of the input power pjn and conti-ols the conduc- 
tion ratio D1 so tiiat the cunrent \i does not exceed the 
upper limit indicated by tiie tiiick solid line "a" in Fig. 35. 
Therefore, in the induction heating cooker of the present 
embodiment, the upper limit value of the current i(_ is 
limited to 70 A as shown in Fig. 35, and therefore, the 
input power pjn of ttie nonmagnetic pan can be sup- 
pressed to 1 600 W. so that ttie loss of the inverter circuK 
2 can be suppressed. 

(Embodiment. 12> 

Rg. 36 shows a circuit diagram of an induction 
heating cooker according to a twelfth embodiment 

In Rg. 36, the induction heating cooker indudes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a cur- 
rent transformer 32 and an id detection drcuit 33 for 
detecting a current flowing through the first switching 
element 5; and a drive circuit 9 for controlling tiie 
inverter circuit 2. In this case, tiie DC power source 1 
and the inverter drcuit 2 are tiie same as those of the 
tiiird embodiment. The cun-ent transfbmier 32 is con- 
nected in series with the IGBT 5. and ttie secondary 
side of the cunrent transformer 32 is connected to the 
input of the id detection circuit 33. The output of the id 
detection circuit 33 is connected to the drive circuit 9, 
and the drive circuit 9 is connected to the gates of the 
IGBT 5 and the IGBT 7 respectively The current ti'ans- 
former 32 and the id detection drcuit 33 constitute a 
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first switching element current detecting means. 

The Induction heating cooker of the present embod- 
iment constructed as above executes feedback control 
of the input power pin by detecting the input power Pjn 
based on the collector current of the IGBT 5 which 
serves as the first switching element. The operation will 
be described below. 

The cunrent transformer 32 delects the collector 
current id of the IGBT 5, and the id detection circuit 33 
outputs a voltage con'esponding to the magnitude of the 
cun-ent id based on the detection result of the current 
transformer 32. The drive circuit 9 sets the conducting 
times torn and ton2 of the IGBT 5 and the IGBT 7 based 
on the magnitude of the output voltage of the id detec- 
tion circuit 33, drives the IGBT 5 and the IGBT 7 accord- 
ing to the conducting times, respectively, and operates 
the inverter circuit 2. 

The characteristic of the collector current id of the 
IGBT 5 relative to the input power Pjp for the standard 
load is shown in Fig. 37. According to the relationship 
shown in Fig. 37, the drive circuit 9 is able to indirectly 
detect the input power pin by the magnitude of the col- 
lector current id detected by the cun'ent transformer 32 
and the id detection circuit 33 and execute feedback 
control of the Input power pin by the current id of the 
first switching element, so that the input power pjn of the 
induction heating cooker can be correctly controlled. 

The drive circuit 9 can detect the magnitude of the 
cun-ent id from the output of the id detection circuit 33, 
and therefore, the upper limit of the cun-ent id can be 
set to, for example, 70 A as indicated by the thick solid 
line "a" in the graph of the Pin-ic1 characteristic shown in 
Fig. 38. With this arrangement, the input power Pjp of 
the nonmagnetic pan can be suppressed to 1600 W, so 
that the loss of the inverter circuit 2 can be suppressed. 
Normally, the collector current id of the IGBT 5 is 
smaller than the current II of the heating coil 4. There- 
fore, in the present embodiment, a current transformer 
having a smaller rating can be used than when detect- 
ing the current II of the heating coil 4 as in the eleventh 
emtxxiiment. 

(Embodiment. 13) 



detection circuit 36 is connected to the drive circuit 9, 
and the drive circuit 9 is connected to the gates of the 
IGBT 5 and the IGBT 7. The current transformer 35 and 
the ic2 detection circuit 36 constitute a second switching 
5 element current detecting means. 

The Induction heating cooker of the present embod- 
iment constructed as above executes feedl>ack control 
of the Input power Pm by detecting the input power p,n 
based on the collector cun-ent of the IGBT 7 which 

10 serves as the second switching element. The operation 
will be described below. 

The current transformer 35 detects frie collector 
current ic2 of the IGBT 7, while the ic2 detection circuit 
36 outputs a voltage corresponding to the magnitude of 

15 the collector current Ic2 of the IGBT 7 based on the out- 
put of the current transformer. The drive circuit 9 sets 
the conducting times toni and ton2 of the IGBT 5 and 
the IGBT 7 based on the magnitude of the output volt- 
age of the ic2 detection circuit 36, drives the IGBT 5 and 

20 the IGBT 7 according to the conducting times, respec- 
tively, and operates the inverter circuit 2. 

The characteristic of the collector cunrent ic2 of the 
IGBT 7 relative to the input power p^ of the standard 
pan is shown in Fig. 40. According to the relationship 

25 shown in this graph, the drive circuit 9 Is able to Indi- 
rectly detect the input power pjn by the magnitude of the 
collector current Ic2 detected by the cun'ent transformer 
35 and the ic2 detection circuit 36 and execute feedback 
control of the input power pjn by the current ic2, so that 

30 the input power pjn of the induction heating cooker can 
be correctly controlled similar to the third embodiment. 

The drive circuit 9 can detect the magnitude of the 
current ic2 of the second switching element from the 
output of the ic2 detection circuit 36. and therefore, the 

35 upper limit of the current ic2 can be set to, for example, 
40 A as Indicated by the thick solid line "a" in the graph 
of the Pin-lc2 characteristic shown in Fig. 41. With this 
an-angement. the input power pjn of the nonmagnetic 
pot can be suppressed to 1 600 W, so that the loss of the 

40 inverter circuit 2 can be suppressed. The present 
embodiment can also use a cun'ent transformer having 
a small rating similar to the aforementioned twelfth 
emt)odiment. 



45 (Embodiment. 14> 



Fig. 39 shows a circuit diagram of an induction 
heating cooker according to a thirteenth embodiment. 

In Fig. 39, the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a cur- 
rent transformer 35 and an lc2 detection circuit 36 for 
detecting a current flowing through the second switch- 
ing element 7; and a drive circuit 9 for controlling the 
inverter circuit 2. In this case, the DC power source 1 
and the inverter circuit 2 are the same as those of the 
third embodiment. The cun'ent transformer 35 Is con- 
nected in series with the IGBT 7, and the secondary 
side of the current transformer 35 is connected to the 
input of the id detection circuit 36. The output of the ic2 



Rg. 42 shows a circuit diagram of an induction 
heating cooker according to a fourteenth embodiment. 
In Fig. 42. the induction heating cooker includes: an 

so inverter circuit 2 for converting a direct cunrent from a 
DC power source 1 into a high-frequency current; a cur- 
rent transformer 35 and an Ic2 detection circuit 36 for 
detecting a current flowing through the second switch- 
ing element 7; a toni detection circuit 19 for detecting 

55 the conducting time of the first switching element 5; and 
a drive circuit 9 for controlling the inverter circuit 2. In 
this case, the DC power source 1 and the inverter circuit 
2 are the same as those of the third embodiment, while 
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the toni detection circuit 19 is the same as that of the 
fifth embodiment. The second switching element cur- 
rent detecting means constructed of the current trans- 
former 35 and the Ic2 detection circuit 36 is the same as 
that of the thirteenth embodiment. The output of the ic2 5 
detection circuit 36 and the output of the ton1 detection 
circuit 19 are both connected to the drive circuit 9, and 
the drive circuit 9 is connected to the gates of the IGBT 
5 and the IGBT 7 respectively. 

The operation of the induction heating cooker oon- 10 
structed as above will be described. 

The current transformer 35 detects the collector 
cun^ent iG2 of the IGBT 7, while the ic2 detection circuit 
36 outputs a voltage con'esponding to the magnitude of 
the collector current Ic2 of the IGBT 7 based on the is 
detection value of the cun'ent transformer 35. The toni 
detection circuit 19 detects the conducting time toni of 
the IGBT 5 and outputs a voltage corresponding to the 
duration of the conducting time toni . The drive circuit 9 
operates the Inverter circuit 2 with the conduction ratio 20 
of the IGBT 5 and the IGBT 7 based on the magnitude 
of the output voltage of the ic2 detection circuit 36. In 
this stage, the conduction ratio D1 is controlled so that 
the magnitude of the current ic2 detected by the ic2 
detection circuit 36 does not exceed the upper limit 2s 
value determined according to the conducting time toni 
detected by the toni detection circuit 19. 

That is, the drive circuit 9 can set the upper limit 
value of the current ic2 similar to the thirteenth embodi- 
ment. Further, in the present embodiment, the upper 30 
limit value of the current ic2 is varied according to the 
conducting time toni based on the output of the toni 
detection circuit 19. For example, in the toni -ic2 charac- 
teristic shown in Fig. 43. the upper limit value of the cur- 
rent ic2 indicated by the thick solid line "a" is set In two 35 
steps according to the conducting time toni. In this 
case, with regard to the input power pin of a multi-layer 
pan. in contrast to the fact that it is limited to 1800 W in 
the thirteenth embodiment (Fig. 41), the input power Pj^ 
can be inputted up to 2000 W according to the present 40 
embodiment since the upper limit value of the current 
ic2 becomes 45 A. 

In regard to the construction of the inverter circuit 2 
of the aforementioned third embodiment through twelfth 
embodiment, the first resonance capacitor 6 may be 45 
connected in parallel with the heating coil 4 as shown in 
Fig. 44. allowing a similar implementation to be 
achieved. As shown in Fig. 45, a resonance capacitor 
may be connected in parallel with both the heating coil 4 
and the IGBT 5. The connection of the DC power source so 
1 with the heating coil 4 and the IGBT 5 may be 
achieved by connecting the IGBT 5 to the positive side 
of the DC power source 1 and connecting the heating 
coll 4 to the negative side of the DC jpwer source 1 as 
shown in Fig. 46. The series circuit of the IGBT 7 and 55 
the second resonance capacitor 8 may be connected in 
parallel with the IGBT 5 as shown in Fig. 47. The first 
switching element may be constructed of an element of 



a reverse current blocking type as shown in Fig. 48. Fur- 
ther, it may be constructed as in the inverter circuit 
shown in the second emtxxiiment. 

<Emtxxliment.15> 

Rg. 49 shows a circuit diagram of an induction 
heating cooker according to a fifteenth embodiment. In 
Fig. 49. the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a 
vcel detection circuit 21 for detecting a voltage aaoss 
both terminals of the first switching element 5; a current 
transformer 35 and an ijn detection circuit 1 1 for detect- 
ing an input current; an inappropriate pan detection cir- 
cuit 1 12 for detecting an inappropriate load; and a drive 
circuit 9 for controlling the inverter circuit 2. In this case, 
the DC power source 1 . Inverter circuit 2, vcel detection 
drcuit 21 and ijn detection circuit 1 1 are the same as the 
aforementioned ones. 

The inverter circuit 2 is comprised of: a heating coil 
4 having one terminal connected to the positive side of 
the DC power source 1 ; an IGBT 5 which has a built-in 
reverse conducting diode and serves as a first swrtchihg 
element connected across tiie other terminal of the 
heating coil 4 and the negative side of the DC power 
source 1; a first resonance capacitor 6 which is con- 
nected in parallel with the IGBT 5 so as to form a reso- 
nance circuit with the heating coil 4; and a series circuit 
of an IGBT 7 which has a built-in reverse conducting 
diode and serves as a second switching element con- 
nected in parallel with the heating coil 4 and a second 
resonance capacitor 8. 

A cun-ent sensor 10 is connected to a line which 
connects the positive side of the DC power source V to 
the inverter circuit 2, and the output of tine current sen- 
sor 10 is connected to tiie i^n detection circuit 11. The 
current sensor 10 and the ijn detection drcuit 1 1 consti- 
tute an input current detecting means of the inverter cir- 
cuit 2. The vce1 detection circuit 21 which serves as a 
first switching element voltage detecting means is con- 
nected to the collector terminal of the IGBT 5. The cur- 
rent sensor 10, the !}„ detection circuit 1 1 and the vcel 
detection circuit 21 constitute an operating state detect- 
ing means of the inverter circuit 2. The outputs of the ijn 
detection drcuit 1 1 and the vce1 detection drcuit 21 are 
both connected to the input of the inappropriate pan 
detection circuit 112 which serves as an inappropriate 
load detecting means, the output of tiie inappropriate 
pan detection circuit 1 1 2 is connected to the drive circuit 
9, and the drive circuit 9 Is connected to the gate termi- 
nal of the IGBT 5 and the gate terminal of the IGBT 7. 

The operation of the induction heating cooker con- 
structed as above will be described. 

When the induction heating cooker operates, tiie 
current sensor 10 detects the input current l|n of the 
inverter drcuit 2, and tiie ijn detection circuit 1 1 outputs 
a voltage corresponding to the magnitude of the input 
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current Ijn based on the output from the currerrt sensor 
10. The vce1 detection circuit 21 detects the collector- 
emitter voltage vcel of the IGBT 5 and outputs a voltage 
con'esponding to the magnitude of the collector-emitter 
voltage vcel. The inappropriate pan detection circuit 
1 12 detects whether the load is appropriate or inappro- 
priate based on the collector-emitter voltage vcel of the 
IGBT 5. The drive circuit 9 operates the inverter circuit 2 
by alternately driving the IGBT 5 and the IGBT 7 at a 
specified frequency when the load is appropriate based 
on a detection value from the inappropriate pan detec- 
tion circuit 112. When the load is inappropriate, the 
drive circuit 9 stops the driving of the IGBT 5 and the 
IGBT 7 to stop the operation of the inverter circuit 2. 

Fig. 50 shows the characteristic of the input current 
ijn of the Inverter circuit 2 relative to the coHector-emitter 
voltage vce1 of the IGBT 5 in the case where the load to 
be inductively heated is the standard pan, pot and knife. 
In the figure, the thick solid line "a" indicates a border 
line of the appropriateness/ inappropriateness of the 
load. When a point determined by the input current ijp 
and the collector-emitter voltage vcel of the IGBT 5 Is 
located in a region below the border line of Fig. 50. the 
inappropriate pan detection circuit 112 outputs "appro- 
priateness" as a detection result. When the point deter- 
mined by the Input current ijn and the collector-emitter 
voltage vcel of the IGBT 5 is located in a region above 
the border line of Fig. 50. the inappropriate pan detec- 
tion circuit 112 outputs Inappropriateness" as a detec- 
tion result. In this case, the bottom surface areas of the 
standard pan, pot and knife are reduced in this order. As 
shown in Fig, 50. the smaller the bottom surface area of 
the load is, the greater the value of the voltage vcel rel- 
ative to the value of an identical Input current Ijn- There- 
fore, when the load is the standard pan and pot. they are 
heated, whereas the knife is not heated. 

As described above, in the present induction heat- 
ing cooker, the inappropriate pan detection circuit 112 
detects the appropriateness/inappropriateness of the 
load depending on the difference in characteristic of the 
input current ijn of the inverter circuit 2 and the collector- 
emitter voltage vcel of the IGBT 5 with respect to each 
load. When the load Is appropriate, the drive circuit 9 
makes the IGBT 5 and the IGBT 7 alternately conduc- 
tive at a predetermined operating frequency fO and var- 
ies the conduction ratio D 1 . for which the Input power Pjp 
can be variably controlled with the inverter circuit 2 
operated at a predetermined frequency When the load 
is ineippropriate, the drive circuit 9 stops driving the 
IGBT 5 and the IGBT 7 and stops the operation of the 
inverter circuit 2 to stop the heating operation. There- 
fore, the inappropriate toad such as a small object load 
can be prevented from being heated. 

(Embodiment.16) 

Fig. 51 shows a circuit diagram of an induction 
heating cooker according to a sixteenth embodiment. In 



Fig. 51. the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current: a 
vce2 detection circuit 24 for detecting the voltage across 

5 both terminals of the second switching element 7; a cur- 
rent sensor 10 and an i|n detection circuit 1 1 for detect- 
ing an input current; an inappropriate pot detection 
circuit 112 for detecting an inappropriate load; and a 
drive circuit 9 for controlling the inverter circuit 2. In this 

10 case, the DC power source 1 . inverter circuit 2. ijn detec- 
tion circuit 1 1 and vce2 detection circuit 24 are the same 
as the aforementioned ones. 

The Inverter circuit 2 is comprised of: a heating coil 
4 having one terminal connected to the positive side of 

15 the DC power source 1 ; an IGBT 5 which has a built-in 
reverse conducting diode and serves as a first switching 
element connected across the other terminal of the 
heating coll 4 and the negative side of the DC power 
source 1 ; a first resonance capacitor 6 which is con- 

20 nected in parallel with the IGBT 5 so as to form a reso- 
nance circuit with the heating coil 4; and a series circuit 
of an IGBT 7 which has a built-in reverse conducting 
diode and serves as a second switching element con- 
nected in parallel with the heating coil 4 and a second 

25 resonance capacitor 8. 

A current sensor 10 Is connected to a line which 
connects the positive pole of the DC power source 1 to 
the inverter circuit 2, and the output of the current sen- 
sor 10 is connected to the iin detection circuit 11. The 

30 current sensor 1 0 and the ijn detection circuit 1 1 consti- 
tute an input current detecting means of the inverter cir- 
cuit 2. 

TTie vce2 detection circuit 24 which senses as the 
second switching element voltage detecting means is 

35 connected to the collector terminal of the IGBT 7. The 
current sensor 10, the Ijn detection circuit 11 and the 
vce2 detection circuit 24 constitute the operating state 
delecting means of the inverter circuit 2. The outputs off 
the Iin detection circuit 1 1 and the vce2 detection circuit 

40 24 are both connected to the input of the inappropriate 
pan detection circuit 1 12 which serves as the inappro- 
priate load detecting means, the output of the inappro- 
priate pan detection circuit 1 1 2 is connected to the drive 
circuit 9. and the drive circuit 9 is connected to the gate 

45 terminal of the IGBT 5 and the gate terminal of the IGBT 
7 respectively. 

The operation of the induction heating cooker con- 
structed as above will be described. 

In the aforementioned fifteenth embodiment, the 

so detection of the approprlateness/inappropriateness of 
the load is executed by the input current ijn and the col- 
lector-emitter voltage vcel of the IGBT 5 which serves 
as the first switching element. In the present embodi- 
ment, the detection of the appropriateness/inappropri- 

55 ateness of the load is executed by the input current ijn 
and the collector-emitter voltage vce2 of the IGBT 7 
which serves as the second switching element. There- 
fore, the k)asic operation is similar to the one described 
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in the fifteenth embodiment. 

Fig. 52 shows the characteristic of the input current 
ijn of the inverter drcurt 2 relative to the collector-emitter 
voltage vce2 of the IGBT 7 in the case where the load to 
be inductively heated is the standard pan, pot and knife. 
In the figure, the thick solid fine "a" indicates the border 
line of the appropriateness/ inappropriateness of tfie 
load. When a point determined by the input current ijn 
and the collector-emttter voltage vce2 of the IGBT 7 is 
located in a region below the border line of Fig. 52. the 
inappropriate pan detection circuit 112 of the induction 
heating cooker of the present embodiment outputs 
"appropriateness** as a detection result. When the point 
determined by the input current ijn and the collector- 
emitter voltage vce2 of the IGBT 7 is located in a region 
akx>ve the border line of Fig. 52, "inappropriateness" is 
outputted as a detection result Based on the detection 
result from the inappropriate pan detection circuit 112, 
the drive circuit 9 operates the inverter circuit 2 when 
the appropriateness of the load is detected and stops 
the inverter circuit 2 when the inappropriateness of the 
load is detected. 

As described above, the inappropriate load such as 
a knife can be detected by means of the inappropriate 
pan detection circuit 1 12. and therefore, the inappropri- 
ate load such as the small object load can be prevented 
from being heated. 

(Embodiment. 17) 

Fig. 53 shows a circuit diagram of an induction 
heating cooker according to a seventeenth embodi- 
ment. In Fig. 53, the induction heating cooker includes: 
an inverter circuit 2 for converting a direct curent from a 
DC power source 1 into a high-frequency current; a v+ 
detection circuit 1 19 for detecting the power voltage; a 
start/stop circuit 120 for outputting a signal for starting 
or stopping; a start delay circuit 121 for delaying the sig- 
nal for starting; and a drive circuit 9 for controlling the 
inverter circuit 2. In Fig. 53, the reference numeral 12 
denotes a commercial power source, while the refer- 
ence numeral 13 denotes a diode bridge which serves 
as a rectifier connected to the commercial power source 
12. One terminal of a choke coil 1 17 is connected to the 
positive side output of the diode bridge 13, while the 
other terminal of the choke coil 1 1 7 is connected to one 
terminal of a smoothing capacitor 1 4. The other terminal 
of the smoothing capacitor 14 is connected to the nega- 
tive side output of the diode bridge 13. while the 
smoothing capacitor 14 has the role of a DC power 
source to be supplied to the inverter circuit 2. The choke 
coil 1 1 7 has the role of a filter. 

The inverter circuit 2 is connprised of: a heating coil 
4 whose one terminal is connected to the positive side 
of the snfK)othing capacitor 14; an IGBT 5 which has a 
built-in reverse conducting diode and serves as a first 
switching element connected across the other terminal 
of the heating coil 4 and the negative pole side of the 



smoothing capacitor 14; a first resonance capacitor 6 
which is connected in parallel with the IGBT 5 so as to 
form a resonance circuit with the heating coil 4; and a 
series circuit of an IGBT 7 which has a built-in reverse 

5 conducting diode and serves as a second switching ele- 
ment connected in parallel with the heating coil 4 and a 
second resonance capacitor 8. 

TTie positive side output of the diode bridge 13 is 
connected to the v+ detection circuit 119 which serves 

10 as a commercial power source monitoring means. The 
output of the v+ detection drcuit 1 19 is connected to the 
start/stop circuit 120 which serves as a start and stop 
means, and the output of the start/stop circuit 120 is 
connected to the start delay circuit 121 which serves as 

IS a start delay means. The output of the start delay circuit 
121 is connected to the drive circuit 9, and the output of 
the drive circuit 9 is connected to the gate terminals of 
the IGBT 5 and the IGBT 7. 

The operation of the induction heating cooker con- 

20 structed as above will be described. 

The v+ detection circuit 1 19 of the present embodi- 
ment receives the voltage of the commercial power 
source 12 as an input thereto, outputs a detection result 
of "normar when the voltage is lower than a predeter- 

25 ntined value and outputs a detection result of "abnor- 
mal" when the voltage is not kwer than the 
predetermined value. 

First, a case where the induction heating cooker 
starts its operation in a state in which the commercial 

30 power source 12 is normal will be described. In this 
case, the v+ detection circuit 119 outputs a detection 
result of "normal state" based on the voltage of the com- 
mercial power source 12. Upon receiving an input of the 
detection result of the normal state of the commercial 

35 power source 12 from the v+ detection circuit 1 19, the 
start/stop circuit 120 outputs a start signal for starting 
the operation of the inverter circuit 2. Upon receiving the 
start signal from the start^op circuit 120, the start 
delay circuit 121 outputs the start signal after a lapse of 

40 a predetermined time (assumed to be two seconds in 
this case). Upon receiving the start signal from the start 
delay circuit 121, the drive circuit 9 starts the driving of 
the IGBT 5 and the IGBT 7 and starts the operation of 
the inverter circuit 2. 

45 Next, the operation in the case where the commer- 
cial power source 12 enters into an abnormal state will 
be described. 

For example, when a thundertx)lt surge voltage is 
applied to the commercial power source 12. the voltage 

50 of the positive side output of the diode bridge 13 
increases from a value in the steady state by the energy 
of the thundert)olt surge, consequently t>ecoming higher 
than the predetermined value. The v+ detection circuit 
119 detects that the commercial power source 12 has 

55 abnormally increased to beccnne high and outputs a 
detection result representing the "abnormal state". 
Upon receiving an input of the detection result of the 
abnormal state of the commercial power source 1 2 from 
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the v+ detection circuit 119. the start/stop circuit 120 
outputs a stop signal for stopping the operation of the 
inverter circuit 2. Upon receiving the stop signal from 
the start/stop circuit 120, the start delay circuit 121 
instantaneously outputs the stop signal. Upon receiving 
the stop signal from the start delay circuit 121 , the drive 
circuit 9 stops driving the IGBT 5 and the IGBT 7 and 
stops the operation of the inverter circuit 2. 

Subsequently, when the thundertx)lt surge energy 
disappears and the voltage of the commercial power 
source 12 is restored into the normal state, the v+ 
detection circuit 119 detects that the commercial power 
source 12 has become norma! and forms an output of 
the fact. The start/stop circuit 120 receives an input of 
the detection result of the normal state of the commer- 
cial power source 12 from the v+ detection circuit 119 
and outputs a start signal for restarting the operation of 
the inverter circuit 2. Upon receiving an input of the start 
signal from the start/stop circuit 120, the start delay cir- 
cuit 1 21 outputs the start signal after a lapse of two sec- 
onds. The drive circuit 9 restarts the driving of the IGBT 
5 and the IGBT 7 and the operation of the inverter circuit 
2 after receiving the input of the start signal from the 
start delay circuit 121. 

As described above, the v+ detection circuit 119 
can monitor the state of the commercial power source 
12, and the start/stop circuit 120 can control the 
start/stop of the inverter circuit 2 according to the detec- 
tion result of the v+ detection circuit 119. Therefore, 
when the commercial power source 12 enters Into the 
abnormal state due to the application of the thunderbolt 
surge or the like, the operation of the inverter circuit 2 is 
stopped, so that the possible occurrence of the damage 
of the inverter circuit 2 can be prevented. 

The start delay circuit 121 transfers the start signal 
to the drive circuit 9 after a lapse of a specified time (two 
seconds in this case) when it receives the start signal 
from the start/stop circuit 120 or instantaneously trans- 
fers the stop signal to the drive circuit 9 when it receives 
the stop signal from the start/stop circuit 120. Therefore, 
when the v+ detection circuit 1 1 9 detects the abnormal- 
ity of the commercial power source 12, the operation of 
the inverter circuit 2 is immediately stopped. Subse- 
quently, when the v+ detection circuit 119 detects the 
restoration of the commercial power source 12 into the 
normal state, the operation of the inverter circuit 2 is 
restarted after a lapse of a predetermined time. Even if 
the commerdal power source 12 is repeating transition- 
ally the normal state and the abnormal state after the 
application of the thunderbolt surge to it, the system can 
wait for the complete stability of commercial power 
source 12 by virtue of the predetermined start delay 
time, so that the inverter circuit 2 can be prevented from 
being damaged regardless of the start, stop arxi restart. 

(Embodiment. 18) 

Fig. 54 shows a circuit diagram of an induction 



heating cooker according to an eighteenth embodiment. 
In Fig. 54, the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a soft 
5 start circuit 150 for slowly starting the inverter circuit 2; 
and a drive circuit 9 for controlling the inverter circuit 2. 

The inverter circuit 2 Is comprised of: a heating coil 
4 having one terminal connected to the positive side of 
the DC power source 1 ; an IGBT 5 which has a built-in 
10 reverse conducting diode and serves as a first switching 
element connected across the other terminal of the 
heating coil 4 and the negative side of the DC power 
source 1 ; a first resonance capacitor 6 which is con- 
nected in parallel with the IGBT 5 so as to form a reso- 
15 nance circuit with the heating coll 4; and a series circuit 
of an IGBT 7 which has a built-in reverse conducting 
diode and serves as a second switching element con- 
nected in parallel with the heating coil 4 and a second 
resonance capacitor 8. 
20 The soft start circuit 150 is comprised of: an input 
section 123 which serves as an input setting means for 
setting the Input power p^n of the inverter circuit 2; a ref- 
erence voltage set circuit 124 whose Input is connected 
to the output of the input section 123; an oscillator 125; 
25 and a comparator 126 of which a positive input is con- 
nected to the output of the reference voltage set circuit 
124 and a negative Input is connected to the output of 
the oscillator circuit 125. The output of the comparator 
126 is connected to the drive circuit 9, and the output of 
30 the drive circuit 9 is connected to the gate terminal of 
the IGBT 5 and the gate terminal of the IGBT 7. 

The operation of the induction heating cooker con- 
structed as above will be described. 

When the input power Pjn is set by the input section 
35 1 23. the input section 1 23 forms an output correspond- 
ing to the set value of the input pow^-. The oscillator 125 
generates a triangular wave of a predetermined fre- 
quency. The reference voltage set circuit 124 gradually 
increases its voltage level from a minimum DC voltage 
40 as the initial value and finally outputs a DC voltage of a 
level con-esponding to the set value of input pcw& Pjn- 
The comparator 126 compares the voltage of the trian- 
gular wave as the output of the oscillator 125 with the 
DC voltage as the output of the reference voltage set 
45 circuit 124. The comparator 126 outputs a high-level 
signal in a period in which the DC voltage is greater than 
the voltage of the triangular wave and outputs a low- 
level signal in a period In which the DC voltage is 
smaller than the voltage of the triangular wave. The ref- 
50 erence voltage set circuit 1 24 gradually increases its DC 
output level from the minimum DC voltage Vsl as 
shown in Rg. 55 to vary the same until it becomes a DC 
voltage Vs2 conresponding to the input power pip. Con- 
sequently, the pulse width of the high-level signal out- 
55 putted from the conrparator 126 gradually increases, 
and the pulse width of the low-level signal gradually 
decreases. The drive circuit 9 gradually increases the 
conduction ratio D1 that is a ratio of the conducting time 
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torn of the IGBT 5 relative to a constant operating cyde 
to from its minimum value. Rnally. by controlling it to the 
conduction ratio D1 at which the input power pin set in 
the input section 123 can be obtained, the IGBT 5 and 
the IGBT 7 are driven. 5 

As described above, the drive circuit 9 gradually 
increases the conduction ratio D1 (= ton1/tO) from the 
minimum value at a constant operating frequency fO {- 
1/tO) based on the output of the soft start circuit 150 
comprised of the reference voltage set circuit 124. the io 
oscillator 125 and the comparator 126. and drives the 
IGBT 5 and the IGBT 7 at this conduction ratio D1 . Con- 
sequently, the input power pjn gradually increases from 
the minimum value and comes to have a value corre- 
sponding to tiie set value after a lapse of a predeter- is 
mined time. Therefore, tiie operation in the starting 
stage of the inverter circuit 2 can be made safer than in 
the case where it comes to have a value set by tiie input 
section 123 from the beginning in the starting stage. For 
example, if an aluminum pan is used as a load, when 20 
the operation is started with the conduction ratio corre- 
sponding to the final input power set by the input section 
123, tiien an excessive current flows through the 
inverter circuit 2 to damage the inverter circuit 2. 
Accordingly, by separately providing an aluminum pan 25 
detection circuit in the present inducticm heating cooker 
and starting the apparatus while gradually increasing 
the input power from the minimum value, the aluminum 
pan can be detected before tiie inverter circuit 2 will be 
damaged, so that the inverter circuit 2 can be protected 30 
by stopping the operation at the time of detecting tiie 
aluminum pan. 

(Embodiment. 19) 

35 

Fig. 56 shows a circuit diagram of an induction 
heating cooker according to a nineteenth embodiment. 
In Fig. 56, the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency cunent; a 40 
dead time set circuit 130 for setting a dead time; a v+ 
detection circuit 128 for detecting the voltage of the DC 
power source 1 ; a vcel detection circuit 129 for detect- 
ing the voltage of the first switching element 5 in the 
inverter circuit; and a drive circuit 9 for controlling the 4S 
inverter circuit 2. 

The inverter circuit 2 is comprised of: a heating coll 
4 whose one terminal is connected to the positive side 
of the D1 power source 1 ; an IGBT 5 which has a built- 
in reverse conducting diode and serves as a first switch- so 
ing element connected across tiie other terminal of the 
heating coll 4 and the negative side of the DC power 
source 1 ; a first resonance capacitor 6 which is con- 
nected in parallel with tiie IGBT 5 so as to form a reso- 
nance circuit with the heating coil 4; and a series circuit ss 
of an IGBT 7 which has a built-in reverse conducting 
diode and serves as a second switching element con- 
nected in parallel with the heating coll 4 and a second 



resonance capacitor 8. The v+ detection circuit 128 is 
connected to tiie positive pole of the DC power source 
1 , and the vcel detection circuit 129 is connected to the 
collector of the IGBT 5, these components constituting 
the operating state detecting means of tiie inverter cir- 
cuit 2. The output of the v+ detection circuit 1 28 and tiie 
output of the vcel detection circuit 129 are both con- 
nected to the dead time set circuit 130 which serves as 
a dead time setting means, the output of the dead time 
set circuit 1 30 is connected to the drive circuit 9. and the 
drive circuit 9 is connected to the gate terminal of the 
IGBT 5 and the gate terminal of the IGBT 7. 

The operation of the induction heating cooker con- 
structed as above will be described. 

The v+ detection circuit 128 detects the voltage of 
the DC power source 1. while the vcel detection circuit 
129 detects the collector-emitter voltage vcel of the 
IGBT 5 which serves as the first switching element. In 
this stage, the dead time set circuit 130 receives the 
output of the v+ detection circuit 128 and tiie output of 
tiie vcel detection circuit 1 29 as inputs thereto and sets 
tiie dead time based on these two inputs. In concrete, 
as shown in Fig. 57, when tiie gate-emitter voltage vge2 
of tiie IGBT 7 becomes 0 V and the IGBT 7 is turned off, 
the collector-emitter voltage vcel of the IGBT 5 falls. 
Subsequently, when the value of the voltage vcel 
becomes equal to the voltage v+ of the DC power 
source 1 after a lapse of a time t1 , the dead time set cir- 
cuit 130 makes the gate-emitter voltage vgel of tiie 
IGBT 5 have a high level after a lapse of a specified time 
t2 from the point of time, thereby turning on the IGBT 5. 
Sutssequently. when the gate-emitter voltage vgel of 
tiie IGBT 5 becomes 0 V and the IGBT 5 Is turned off, 
the collector-emitter voltage vcel of the IGBT 5 rises. 
When tiie value of the collector-emitter voltage vcel of 
the IGBT 5 becomes equal to the value of the voltage v+ 
of tiie DC power source 1 after a lapse of a time t3, tiie 
dead time set circuit 1 30 makes tiie gate-emitter voltage 
vge2 of tiie IGBT 7 have a high level after a lapse of a 
specified time t4 from the point of time, thereby turning 
on the IGBT 7. As described above, the dead time set 
circuit 130 sets a dead time (tdl = t1 +12) from the 
time when tiie IGBT 7 is turned off to the time when the 
IGBT 5 is turned on as well as a dead time 
(tdl = t3 + 14 ) from tiie time when the IGBT 5 is turned 
off to tiie time when the IGBT 7 is turned on. 

As described above, the dead time set circuit 130 
detects the operating state of the inverter circuit 2 by tiie 
voltage of the DC power source 1 and tiie voltage 
across botii terminals of the first switching element and 
sets the dead time based on tiie operating state of the 
inverter circuit. With tiiis anrangement. the IGBT 5 and 
tiie IGBT 7 do not become simultaneously conductive, 
so tiiat the inverter circuit 2 can be prevented from being 
damaged. 

Furthermore, the dead time tdl is set based on tiie 
operating state of the inverter circuit 2 varying depend- 
ing on the load, and therefore, the value is set to an 
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appropriate value corresponding to the load, so that the 
stable switching operations of the IGBT 5 and the IGBT 
7 can be achieved. 

<Embodiment.20> 

Fig. 58 shows a circuit diagram of an Induction 
heating cooker according to a twentieth embodiment. In 
Fig. 58, the induction heating cooker includes: an 
inverter circuit 2 Ibr converting a direct current from a 
DC power source 1 into a high-frequency cunent; a 
drive circuit 9 for controlling the inverter circuit 2; and a 
dead time set circuit 132 for setting a dead time. The 
construction of the inverter circuit 2 is identical to that of 
the nineteenth ennbodiment. and therefore, no descrip- 
tion is provided for it here. 

The output of the dead time set circuit 132 is con- 
nected to the drive circuit 9, and the drive circuit 9 is 
connected to the gate terminal of the IGBT 5 and the 
gate terminal of the IGBT 7 in the inverter circuit 2. 

The operation of the induction heating cooker of the 
present embodiment constructed as above will be 
described with reference to Fig. 59. 

In Fig. 59. when the gate-emitter voltage vge2 of 
the IGBT 7 becomes 0 V and the IGBT 7 is turned oH, 
the dead time set circuit 132 outputs to the drive circuit 
9 a turning-off signal for turning off both the IGBT 5 and 
the IGBT 7 during a specified time td2 from when the 
gate-emitter voltage vge2 of the IGBT 7 becomes 0 V. 
The drive circuit 9 turns off both the IGBT 5 and the 
IGBT 7 during the time td2 upon receiving this turning- 
off signal. After a lapse of the time td2, the dead time set 
circuit 132 stops outputting the turning-off signal, by 
which tine drive circuit 9 changes tiie gate-emitter volt- 
age vgel of the IGBT 5 from 0 V to the high level, 
thereby turning on the IGBT 5. Then, after a lapse of a 
specified conducting time, it changes the gate-emitter 
voltage vgel of the IGBT 5 from the high level to 0 V to 
turn off the IGBT 5. When the IGBT 5 is turned off and 
the gate-emitter voltage vgel of tiie IGBT 5 becomes 0 
V, the dead time set circuit 132 outputs to the drive cir- 
cuit 9 the turning-off signal for turning off both the IGBT 
5 and the IGBT 7 during the specified time td2 from 
when the gate-emitter voltage vgel of tiie IGBT 5 
becomes 0 V. The drive circuit 9 turns off botii the IGBT 
5 and tiie IGBT 7 during the time td2 upon receiving this 
turning-off signal. After a lapse of the time td2, the dead 
time set circuit stops outputting the turning-off signal, by 
which the drive circuit 9 changes the gale-emitter volt- 
age vge2 of the IGBT 7 from 0 V to tiie high level, 
thereby turning on ttie IGBT 7. Subsequently, after a 
lapse of a predetermined conducting time, it changes 
the gate-emitter voltage vge2 of the IGBT 7 from the 
high level to 0 V, thereby turning off the IGBT 7. Subse- 
quentiy, the operation will be repeated. 

As described above, tiie dead time set circuit 132 
can set the dead time from tiie time when tiie IGBT 7 is 
turned off to the time when the IGBT 5 is turned on to 



tiie time td2 and also set the dead time from tiie time 
when the IGBT 5 is turned off to the time when tiie IGBT 
7 is turned on to td2 without using the operating state 
detecting means of the inverter circuit 2. Therefore, the 
5 IGBT 5 and the IGBT 7 do not be simultaneously con- 
ductive, so that tiie inverter circuit 2 can be prevented 
from being damaged in inexpensive circuits. 



<Embodiment.21> 
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An induction heating cooker according to a twenty- 
first embodiment will be described below. The induction 
heating cooker of the present embodiment has the 
same construction as that off the twentieth eml)odiment 
15 shown in Rg. 58 and differs from the twentieth embodi- 
ment in tiie operation of the dead time set circuit. 

The operation of tiie induction heating cooker will 
be described below with reference to Fig. 60 and Rg. 
61. 

20 Rg. 60 shows the operating waveforms at several 
parts of the IGBT 5 and the IGBT 7 in the case where 
the input power pip is small. As shown in Fig. 60. when 
the gate-emitter voltage vge2 of the IGBT 7 becomes 0 
V and the IGBT 7 is turned off. the dead time set circuit 

25 1 32 outputs to the drive circuit 9 a turning-off signal for 
turning off both the IGBT 5 and the IGBT 7 during a pre- 
determined time td3 from when tiie gate-emitter voltage 
vge2 of the IGBT 7 becomes 0 V. The drive circuit 9 
turns off both tiie IGBT 5 and tiie IGBT 7 upon receiving 

30 tilis signal. After a lapse of the time td3, tiie dead time 
set circuit 132 stops outputting the signal for turning off 
both the switching elements 5 and 7. The drive circuit 9 
changes tiie gate-emitter voltage vge1 of the IGBT 5 
from 0 V to the high level, thereby turning on the IGBT 

35 5. Then, after a lapse of a specified conducting time, it 
changes the gate-emitter voltage vgel of the IGBT 5 
from tiie high level to 0 V. ttiereby turning off the IGBT 5. 

In this case, the time td3 is set as follows. That is, 
as shown in Fig. 60, after tiie gate-emitter voltage vge2 

40 of tiie IGBT 7 becomes 0 V and tiie IGBT 7 is turned off, 
the collector-emitter voltage vcel of the IGBT 5 gradu- 
ally decreases to be small. When the input power Pin is 
small, as shown in the figure, the collector-emitter volt- 
age vcel of the IGBT 5 does not decrease to 0 V but 

45 conversely increases so as to have a minimum value on 
tiie way to decreasing. The time td3 is set to a time from 
a time when tiie gate-emitter voltage vge2 of tiie IGBT 7 
becomes 0 V to the time when the value of tiie collector- 
emitter voltage vcel of the IGBT 5 comes to have tiie 

50 minimum value. 

Subsequentiy, when the gate-emitter voltage vgel 
of tiie IGBT 5 becomes 0 V and tiie IGBT 5 is turned off, 
a dead time set circuit 134 outputs to tiie drive circuit 9 
a tuming-off signal for turning off both tiie IGBT 5 and 

55 tiie IGBT 7 from a time when the gate-emitter voltage 
vgel of tiie IGBT 5 becomes 0 V for ttie time td2. The 
drive circuit 9 turns off botii ttie IGBT 5 and tiie IGBT 7 
upon receiving this signal. After a lapse of tiie time td2. 
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the drive circuit 9 changes the gate-emitter voltage vge2 
of the IGBT 7 from 0 V to the high level, thereby turning 
on the IGBT 7. Subsequently, after a lapse of a prede- 
termined conducting time, it changes the gate-emitter 
voltage vge2 of the IGBT 7 from the high les^el to 0 V. $ 
thereby tuming off the IGBT 7. Subsequently, the oper- 
ation will be repeated. In this case, the dead time td2 is 
set to about a half of a period from the time when the 
gate-emitter voltage vge1 of the IGBT 5 becomes 0 V to 
the time when the collector-emitter current ic2 of the w 
IGBT 7 becomes a negative current (cun'ent of a built-in 
free-wheel diode in the IGBT 7). 

As described above, the dead time set circuit 132 
sets the dead time from the time when the IGBT 7 is 
turned off to the time when the IGBT 5 is turned on to is 
the time tdS, sets the dead time from the time when the 
IGBT 5 is turned off to the time when the IGBT 7 is 
turned on to the time td2 without using the operating 
state detecting means of the inverter circuit 2. thereby 
making the times td2 and tdS have respective optimum 20 
values. With this an^angement, the possible occurrence 
of the damage of the inverter circuit 2 due to the simul- 
taneous conduction of the IGBT 5 and the IGBT 7 can 
be prevented by means of inexpensive circuits, and opti- 
mum switching operations of the IGBT 5 and the IGBT 7 25 
can be achieved. 

Fig. 61 shows the operating waveforms at several 
parts of the IGBT 5 and the IGBT 7 in the case where 
the input power Pjn of the induction heating cooker of the 
twentieth embodiment is small. When the input power 30 
Pin is small, the voltage vcel does not become zero volt 
but remains immediately before the IGBT 5 is turned on. 
and therefore, the apparatus enters into an operation 
mode in which this remaining voltage is short-circuited. 
In the present embodiment, a short-circuit voltage in as 
this stage is allowed to have the minimum value, and 
therefore, the generation of the power loss and noises 
at the IGBT 5 can be reduced as compared with the 
case shown in Fig. 61. 

In regard to the construction of the inverter drcuit 2 40 
of the aforementioned fifteenth embodiment through the 
twenty-first embodiment the first resonance capacitor 6 
may be connected in parallel with the heating coil 4 as 
shown in Fig. 44, allowing a similar implementation to 
be achieved. As shown in Fig. 45, the resonance capac- 4S 
itor may be connected in parallel with both the heating 
coil 4 and the IGBT 5. In regard to the connection of the 
DC power source 1 , heating coil 4 and the IGBT 5. it is 
acceptable to connect the IGBT 5 to the positive side of 
the DC power source 1 and connect the heating coil 4 to so 
the negative side of the DC power source 1 as shown in 
Fig. 46. In regard to the connection of the series circuit 
of the IGBT 7 and the second resonance capacitor 8, it 
may be connected in parallel with the IGBT 5 as shown 
in Fig. 47. The first switching element may be con- ss 
structed of a reverse cun-ent blocking type element as 
shown in Fig. 48. Furthermore, the inverter circuit may 
have a construction as shown in the second embodi- 



ment. 

(Embodiment.22> 

Fig. 62 shows a circuit diagram of an induction 
heating cooker according to a twenty-second emk>odi- 
ment. In Fig. 62, the induction heating cooker includes: 
an inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a 
drive circuit 9 for controlling the Inverter circuit 2; and a 
voni detection circuit 21 1 for detecting a voltage imme- 
diately before the conduction of the first switching ele- 
ment in the inverter circuit 2. 

The inverter circuit 2 is comprised of a heating coil 
4 whose one terminal is connected to the positive side 
of the DC power source 1 : an IGBT 5 which has a built- 
in reverse conducting diode and serves as a first switch- 
ing element connected across the other terminal of the 
heating coll 4 and the negative pole of the DC power 
source 1; a first resonance capacitor 6 which is con- 
nected in parallel with the IGBT 5 so as to form a reso- 
nance circuit with the heating coil 4; a series circuit of an 
IGBT 7 which has a built-in reverse conducting diode 
and serves as a secorxj switching element connected in 
parallel with the heating coil 4 and a secorKJ resonance 
capacitor 8; and a series circuit of a third resonance 
capacitor 209 and a relay (RL) 21 0 connected in parallel 
with the first resonance capacitor 6. The third reso- 
nance capacitor 209 and the relay 210 constitute a first 
resonance capacitor changeover means for changing 
the capacitance of the first resonance capacitor 6. 

The collector of the IGBT 5 is connected to the input 
of the voni detection circuit 211 which serves as the 
operating state detecting means of the inverter circuit, 
and the output of the von1 detection circuit 21 1 is con- 
nected to the relay 210 and the drive circuit 9. 

The operation of the induction heating cooker con- 
structed as above will be described. 

When the induction heating cooker starts its opera- 
tion, the drive circuit 9 operates the inverter circuit 2 by 
making the IGBT 5 and the IGBT 7 alternately conduc- 
tive with a conduction ratio corresponding to a rated 
power consumption at a constant frequency, and the 
voni detection circuit 211 detects a collector-emitter 
voltage voni (referred to as a "remaining voltage" here- 
inafter) of the IGBT 5 immediately before the IGBT 5 is 
turned on. The waveforms at several parts of the 
inverter circuit 2 become as shown in Rg. 63. In this 
case, the remaining voltage voni becomes zero volt, 
and the voni detection circuit 21 1 does not detect voni . 
The von1 detection circuit 21 1 keeps the relay 210 on 
when it does not detect the remaining voltage voni . 

When the input power is decreased in this state, the 
operating waveforms of the inverter cirojit 2 become as 
shown in Fig. 64. That is. the remaining voltage voni is 
not lowered to zero volt in the collector-emitter voltage 
immediately before the IGBT 5 is turned on. For this 
reason, the voni detection circuit 211 detects the 
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remaining voltage voni . This remaining voltage voni is 
also generated when the load is a specified type such 
as a magnetic pan whose surface is coated with pan 
(refen'ed to as a copper-clad pan hereinafter). When the 
von1 detection circuit 21 1 detects the remaining voltage 
voni , the voni detection circuit 21 1 firstly outputs to the 
drive circuit 9 a control signal for stopping the inverter 
circuit. Upon receiving this control signal, the drive cir- 
cuit 9 stops the operation of the inverter circuit 2. When 
the inverter circuit 2 is stopped, the voni detection cir- 
cuit 21 1 outputs a control signal for turning off the relay 
21 0, th«'eby turning off the relay 210. By this operation, 
the third resonance capacitor 209 is disconnected from 
the inverter circuit 2. As a result, the resonance capaci- 
tor which forms a resonance circuit with the heating coil 
4 (the capacitor referred to as a "functional first reso- 
nance capacitor" hereinafter) changes from the parallel 
connection of the first resonance capacitor 6 and a third 
resonance capacitor 9 to only the first resonance capac- 
itor 6. In this case, a capacitance of the functional first 
resonance capacitor decreases. Therefore, the wave- 
forms at the parts of the inverter drcuil 2 become as 
shown in Fig. 65, where the generation of the remaining 
voltage voni disappears even when the input power is 
small. 

As described above, when the voni detection cir- 
cuit 21 1 detects the remaining voltage voni generated 
in the case where the input power is decreased or in the 
case where the load is the specified type, the functional 
first resonance capacitor is changed from the parallel 
connection of the first resonance capacitor 6 and the 
tNrd resonance capacitor 9 to only the first resonance 
capacitor 6, thereby decreasing the capacitance. By this 
operation, the inverter circuit 2 can be operated in a 
state in which the remaining voltage von1 is not gener- 
ated, so that the power loss and noises at the IGBT 5 
can be reduced. 

<Embodiment.23> 

Fig. 66 shows a circuit diagram of an induction 
heating cooker according to a twenty-third embodiment. 
In Fig. 66, the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency cun^ent; a 
drive circuit 9 for driving the inverter circuit 2; and a von1 
detection circuit 21 1 for detecting the conducting time of 
the switching element in the inverter circuit 2. 

The inverter circuit 2 is comprised of: a heating coil 
4 whose one terminal is connected to the positive side 
of the DC power source 1 ; an IGBT 5 which has a built- 
in reverse conducting diode and serves as a first switch- 
ing element connected across the other terminal of the 
heating coil 4 and the negative side of the DC power 
source 1 ; a first resonance capacitor 6 which is con- 
nected in parallel with the IGBT 5 so as to form a reso- 
nance circuit with the heating coil 4: a series circuit of an 
IGBT 7 which has a built-in reverse conducting diode 



and serves as a second switching element connected in 
parallel with the heating coil 4 and a second resonance 
capacitor 8; and a series circuit of a fourth resonance 
capacitor 212 and a relay 21 3 connected in parallel with 
5 the second resonance capacitor 8. 

The fourth resonance capacitor 212 and the relay 
213 constitute a second resonance capacitor changeo- 
ver means for changing the capacitance of the second 
resonance capacitor 8. 
10 The operation of the induction heating cooker con- 
structed as above will be described. The basic opera- 
tion is the same as that of the afbrementtoned twenty- 
second embodiment. 

In the operation of the inverter circuit 2, the remain- 
75 ing voltage voni decreases when capacitance of the 
resonance capacitor which forms a series circuit with 
the second switching element 7 {the capacitor referred 
to as a "functional second resonance capacitor" herein- 
after) increases. Therefore, in the case of the present 
20 embodiment, the voni detection circuit detects the gen- 
eration of the remaining voltage voni . outputs a control 
signal to the relay 213 so as to turn on the relay 213 
when the generation of the remaining voltage is 
detected, or outputs the control signal to the relay 213 
25 so as to turn off the relay 2 1 3 when the generation of the 
remaining voltage is not detected. By this operation, the 
fourth resonance capacitor 212 is connected to the 
inverter circuit 2 when the remaining voltage is gener- 
ated, therefore the capacitance of the functional second 
30 resonance capacitor increases. When no remaining 
voltage is generated, the fourth resonance capacitor 
212 is disconnected from the inverter circuit 2. therefore 
the capacitance of the functional second resonance 
capacitor decreases. 
35 As described above, when the voni detection cir- 
cuit 21 1 detects the remaining voltage generated in the 
case where the input power is decreased or in the case 
where the load is a specified type such as a copper-clad 
pan, the functional second resonance capacitor is 
40 changed from only the second resonance capacitor 8 to 
the parallel connection of the second resonance capac- 
itor 8 and the fourth resonance capacitor 212. thereby 
increasing the capacitance of it By this operation, the 
inverter circuit 2 can be operated in a state in which the 
45 remaining voltage voni is not generated, so that the 
power loss and noises at the IGBT 5 can be reduced. 

<Embodiment.24> 

50 Fig. 67 shows a circuit diagram of an induction 
heating cooker according to a twenty-fourth embodi- 
ment. In Fig. 67, the induction heating cooker includes: 
an inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a 

55 drive circuit 9 for driving the inverter circuit 2; and a voni 
detection circuit 21 1 for detecting a voltage immediately 
before the conduction of the first switching element in 
the inverter circuit 2. 
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The inverter circuit 2 is oonr^rised of: a heating coil 
4 whose one terntinal is connected to the positive side 
of the DC power source 1 via a coil 214 and a relay 215; 
an IGBT 5 which has a built-in reverse conducting diode 
and serves as a first switching element connected 5 
across the other terminal of the heating coil 4 and the 
negative side of the DC power source 1 ; a first reso- 
nance capacitor 6 which is connected in parallel with the 
IGBT 5 so as to form a resonance circuit with the heat- 
ing coil 4; and a series circuit of an IGBT 7 which has a 
built-in reverse conducting diode and serves as a sec- 
ond switching element connected in parallel with the 
heating coil 4 and a second resonance capacitor 8. The 
coil 214 and the relay 215 constitute a heating coil 
changeover means. 

The operation of the induction heating cooker con- 
structed as above will be described. The basic opera- 
tion is the same as that of the aforementioned twenty- 
second embodiment. 

During the operation of the inverter circuit 2, when 
the inductance of the resonance coil increases, the 
remaining voltage voni decreases. Therefore, in the 
case of the present emtxxjiment, the voni detection cir- 
cuit detects the generation of the remaining voltage 
voni , and then outputs a control signal to the relay 213 
so that the relay 215 closes a switch SI when the gen- 
eration of the remaining voltage voni is not detected, or 
outputs the control signal to the relay 213 so that the 
relay 21 5 closes a switch S2 when the generation of tiie 
remaining voltage voni is detected. By this operation, 
the coil 214 is connected to the inverter drcuit 2 when 
the remaining voltage voni is generated, therefore the 
inductance value of the resonance coil increases. 

As described above, when the voni detection cir- 
cuit 211 detects tiie remaining voltage voni generated 
in the case where the input power is decreased or in the 
case where the load is a specified type such as a cop- 
per-clad pot, the resonance coil is changed from only 
the heating coil 4 to the series connection of the heating 
coil 4 and the coil 214, tiiereby increasing the induct- 
ance of it. By this operation, the inverter circuit 2 can be 
operated in a state in which the remaining voltage voni 
is not generated, so that the power loss and noises at 
the IGBT 5 can be reduced. 

(Embodiment.25) 

Fig. 68 shows a circuit diagram of an induction 
heating cooker according to a twenty-fifth embodiment. 
In Fig. 68, the reference numeral 216 denotes the main so 
body of the induction heating cooker, the reference 
numeral 217 denotes a top plate of the induction heat- 
ing cooker 216, and a pot 218 as a load is placed on the 
top plate 217. 

Inside the induction heating cooker 216. a heating ss 
coil 204 is fixed on a heating coil base 219, and the 
heating coil base 219 is mounted on a gap adjusting unit 
220 which serves as a gap changing means. The gap 



acQusting unit 220 is driven by a motor. 

The operation of the induction heating cooker con- 
structed as above will be described. The basic opera- 
tion is the same as that of tiie aforementioned twenty* 
second embodiment 

During tiie operation of the inverter drcuit (not 
shown), when a gap d, i.e., the gap between the heating 
coil 204 and the pot 218 inaeases, tiie remaining volt- 
age voni decreases. In the case of tiie present en^xxJ- 
iment, the gap adjusting unit 220 increases tiie gap d 
tiiat is tiie gap between tiie heating coil 204 and tiie pot 
218 when the remaining voltage voni is generated. 

As described above, the voni detection circuit (not 
shown) provided inside the induction heating cooker 
216 detects the remaining voltage voni generated in 
the case where the input power is decreased or in the 
case where tiie load is a specified type such as a cop- 
per-clad pot, and the gap adjusting unit 220 increases 
the gap d. Therefore, the inverter circuit can be oper- 
ated in a state in which no remaining voltage von1 is 
generated, so that tiie loss and noises at tiie switching 
element (not shown) can be reduced. 

<Embodiment.26> ^' 

Rg. 69 shows a circuit diagram of an induction 
heating cooker according to a twenty-sixth embodiment. 
In Fig. 69, the induction heating cooker includes: an 
inverter circuit 2 for converting a direct current from a 
DC power source 1 into a high-frequency current; a 
drive circuit 9 for controlling the inverter circuit 2; and an 
input section 221 for inputting a set value of the input 
power. The inverter circuit 2 is tiie same as that of the 
aforementioned twenty-second embodiment. The input 
section 221 is connected to the relay 210 and the drive 
drcuit 9. 

The operation of tiie induction heating cooker con- 
structed as above will be described. 

When the input power set by the input section 221 
is greater tiian a predetermined value, the input section 
221 turns on tiie relay 210. By this operation, a capad- 
tor 209 is connected to the inverter circuit, so tiiat the 
capacitance value of the functional first resonance 
capacitor increases. At the same time, the input section 
221 outputs a voltage corresponding to the input set 
value to the drive circuit 9. The drive circuit 9 operates 
the inverter circuit 2 by making the IGBT 5 and the IGBT 
7 alternately conductive with a conduction ratio corre- 
sponding to tiie input power set at a constant frequency 
based on the output voltage of tiie input section 221 . 

When tiie input power set by the input section 221 
is smaller than the predetermined value, tiie input sec- 
tion 221 turns off tiie relay 210. By this operation, the 
capacitor 209 is disconnected from the inverter drcuit, 
and the capacitance value of tiie functional first reso- 
nance capacitor deaeases as compared witii tiie case 
where the input power is greater than the predeter- 
mined value. At the same time, the input section 221 
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outputs a voltage corresponding to the input set value to 
the drive circuit 9. The drive circuit 9 operates the 
inverter circuit 2 by making the IGBT 5 and the IGBT 7 
alternately conductive with a conduction ratio corre- 
sponding to the input power set at a predetermined fre- 
quency based on the output voltage of the input section 
221. 

As described in the twenty-second embodiment, 
the remaining voltage von1 increases when the input 
power is small. By decreasing the capacitance of the 
functional first resonance capacitor forming the reso- 
nance circuit with the heating coil 4. the magnitude of 
the remaining voltage von1 generated at the time can 
be decreased. For this reason, in the present embodi- 
ment, when the input power set by the input section 221 
is small, the generation of the remaining voltage voni 
can be prevented or the remaining voltage voni can be 
suppressed in magnitude even if it is generated, by 
decreasing the capacitance of the functional first reso- 
nance capacitor. Therefore, the loss and noises at the 
IGBT 5 can be reduced. 

(Embodiment.27> 

Fig. 70 shows a circuit diagram of an induction 
heating cooker according to a twenty-seventh embodi- 
ment. In Fig. 70, the induction heating cooker includes: 
an inverter circuit 2 for converting a direct cunrent from a 
DC power source 1 into a high-frequency cun-ent; a 
drive circuit 9 for driving the inverter circuit 2; and a load 
detection circuit 226 for detecting a load. 

The inverter circuit 2 is provided with a heating coil 
223 having a total of three terminals comprised of two 
terminals located outside and one terminal located 
inside, where the two terminals located outside of the 
heating coil 223 are connected to the positive side of the 
DC power source 1 via a relay 224 and a relay 225, 
respectively. The one terminal located inside of the 
heating coil 223 is connected to the collector terminal of 
the IGBT 5 which has a built-in reverse conducting 
diode and serves as a first switching element, while the 
emitter terminal of the IGBT 5 is connected to the nega- 
tive side of the DC power source 1 . The first resonance 
capacitor 6 is connected in parallel with the IGBT 5 so 
as to form a resonance circuit with the heating coil 223. 
while a series circuit of an IGBT 7 which has a built-in 
reverse conducting diode and serves as a second 
switching element and a second resonance capacitor 8 
is connected in parallel with the heating coil 223. 

The load detection circuit 226 has a magnet switch 
and Is connected to the Input of the drive circuit 9. The 
output of the drive circuit 9 is connected to the gate ter- 
minal of the IGBT 5 and the gate terminal of the IGBT 7, 
respectively 

The operation of the induction heating cooler con- 
structed as above will be described. 

The load detection circuit 226 constructed of the 
magnet switch decides whether the load is magnetic or 



nonmagnetic. The inverter circuit 2 operates in a state in 
which the relay 224 Is turned on and the relay 225 is 
turned off In the case of the magnetic load, and oper- 
ates in a state in which the relay 224 is turned off and 
5 the relay 225 is turned on in the case of the nonmag- 
netic load. 

When the load is loaded, the inductance of the 
heating coil 223 for a nonmagnetic load becomes 
smaller than that for a magnetic load. In the inverter dr- 

10 cult 2 of the present embodiment, the relay 224 is 
turned on and the relay 225 is turned off in the case of 
the magnetic load, therefore the inductance of a part of 
the heating coil 223 connected to the inverter circuit 2 
becomes small. The relay 224 is turned off and the relay 

15 225 is turned on in the case of the nonmagnetic load, 
therefore the inductance of a part of the heating coil 223 
connected to the inverter circuit 2 becomes large. That 
is. when the load is loaded, the inductance of the heat- 
ing coil 223 is controlled to be an approximately equal 

20 either in the case where the load is magnetic or in the 
case where the load is nonmagnetic. Therefore, follow- 
ing problems can be solved: the problem that the input 
power cannot be sufficiently obtained when the load Is 
the magnetic load; and the problem that the operating 

25 voltage and current of the inverter circuit 2 become 
excessive when the load is the nonmagnetic load and 
soon. 

In the aforementioned embodiments, the capaci- 
tance of the functional first resonance capacitor, the 

30 capacitance of the functional second resonance capac- 
itor, the inductance of the heating coil, the length of the 
gap and so on are not required to be changed in two 
steps as in the aforementioned embodiments, and they 
may be changed in three or more steps. 

35 Although the present invention has been described 
in connection with specified embodiments thereof, 
many other modifications, corrections and applications 
are apparent to those skilled in this art. Therefore, the 
present invention is not limited by the disclosure pro- 

40 vided herein but limited only to the scope of the 
appended claims. 

Claims 

45 1 . A high-frequency inverter comprising: 

a coil whose one terminal connected to a DC 
power source; 

a first switching element connected in series 
50 with said coil to said DC power source; 

a first resonance capacitor connected so as to 
form a resonance circuit with said coil; 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
55 ment, said series circuit connected in parallel 

with said coil or said first switching element; 
and 

a control means for controlling the conduction 
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of sard first and second switching elements 
alternately at a constant frequency and chang- 
ing a conduction ratio of said first switching ele- 
ment to control input power, said conduction 
ratio of said first switching element being a ratio 5 
of a conducting time of said first switching ele- 
ment relative to a duration of one cycle. 

2. An induction heating cooker comprising: 

10 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected is 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 20 6. 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 25 
said first switching element being a ratio of a 
conducting time of said first switching element 
relative to a duration of one cycle; and 
an input current detecting means for detecting 
an input cun-ent to be inputted to the high-fre- 30 
quency inverter, 

said control means controlling said conduction 
ratios of said first and second switching ele- 
ments based on an output of said input cunrent 
detecting means. 35 

3. An induction heating cooker according to claim 2. 
further comprising an input setting means for set- 
ting a magnitude of said input current, said control 
means controlling said conduction ratio of said first 40 
and second switching elements based on an output 

of said input setting means. 

4. An induction heating cooker according to claim 2. 
wherein said control means controls said conduc- 45 
tion ratio so that said input current is within a spec- 
ified range set according to conducting times of 

said first and second switching elements. 7. 

5. An induction heating cooker comprising: so 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with sakJ coil to said DC power 55 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 



nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said first switching element 
being a ratio of a conducting time of said first 
switching element relative to a duration of one 
cycle; and 

a first switching element voltage detecting 
means for detecting a voltage across both ter- 
minals of said first switching element, 
said control means controlling tiie conduction 
ratios of said first and second switching ele- 
ments based on an output of said first switching 
element voltage detecting means. 

An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to sak:l DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
conta^ol input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of saki first switching element 
relative to a duration of one cyde; and 
a second switching element voltage detecting 
means for detecting a voltage across both ter- 
minals of saki second switching element, 
said control means controlling the conduction 
ratios of said first and second switching ele- 
ments based on an output of said second 
switching element voltage detecting means. 

An induction heating cooker according to claim 6, 
further comprising a first switching element voltage 
detecting means for detecting a voltage across both 
terminals of said first switching element, saki con- 
trol means controlling the conduction ratios of said 
first and second switching elements so that the volt- 
age across kx)th terminals of said first switching ele- 
ment is within a specified range set according to the 
voltage across both terminals of saki second 
switching element. 
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8. An induction heating cooker according to clainfi 6, 
further comprising: 

a first switching element voltage detecting 
means for detecting a voltage across both ter- s 
minals of said first switching element; and 
a subtracting means for detecting a voltage dif- 
ference between the voltage across both termi- 
nals of said first switching element and the 
voltage across both terminals of said second io 
switching element, 

said control means controlling the conduction 
ratios of said first and second switching ele- 
ments so that an output of said subtracting 
means becomes not greater than a predeter- is 
mined value. 

9. An induction heating cooker comprising: 

a high-frequency inverter including a coil 20 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil. 2s 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 30 
first and second switching el«nents alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 35 
conducting time of said first switching element 
relative to a duration of one cycle; and 
a coil current detecting means for detecting a 
current flowing through said coil, 
said control means controlling the conduction 40 
ratios of ^id first and second switching ele- 
ments based on an output of said coil current 
detecting means. 

1 0- An induction heating cooker comprising: 4S 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power so 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or ss 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 



at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, conduction ratio of said 
first switching element being a ratio of a con- 
ducting time of said first switching element rel- 
ative to a duration of one cycle; and 
a first switching element current detecting 
means for detecting a current of said first 
switching element, 

said control means controlling the conduction 
ratios of said first and second switching ele- 
ments based on an output of said first switching 
element current detecting means. 

11. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor which is 
connected so as to form a resonance circuit 
with said coil, a series circuit comprised of a 
second resonance capacitor and a second 
switching element and connected in parallel 
with said coil or said first switching element, 
and a control means for controlling the conduc- 
tion of said first and second switching elements 
alternately at a constant frequency and chang- 
ing a conduction ratio of said first switching ele- 
ment to control input power, said conduction 
ratio of said first switching element being a ratio 
of a conducting time of said first switching ele- 
ment relative to a duration of one cycle; and 
a second switching element current detecting 
means for detecting a cun-ent of said second 
switching element, 

said control means corrtrolling tiie conduction 
ratios for both said switching elements based 
on an output of said second switching element 
current detecting means. 

12. An induction heating cooker according to claim 1 1 , 
wherein said control means controls the conduction 
ratio witiiin a range where the current flowing 
through said second switching element is witiiin a 
predetermined range set based on the conducting 
times of said first and second switching elements. 

13. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
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nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first witching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 5 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element 10 
relative to a duration of one cycle; and 
an inappropriate load detecting means for 
detecting an inappropriate load, 
said control means stopping driving said first 
and second switching elements when said is 
inappropriate load detecting means detects an 
inappropriate load. 

14. An induction heating cooker according to daim 13, 
further comprising an operating state detecting 20 
means for detecting an operating state of said high- 
frequency inverter, said inappropriate load detect- 
ing means detects an inappropriate load t>ased on 

an output from said operating state detecting 
means. 25 

15. An induction heating oooter according to claim 14. 
wherein 

said operating state detecting means com- 30 
prises an input current detecting means for 
detecting an input current flowing into said 
high-frequency inverter and a first switching 
element voltage detecting means for detecting 
the voltage of said first switching element, and 3s 
said inappropriate load detecting means 
detects tiie inappropriate load based on an 
input cunrent value detected by said input cur- 
rent detecting means and a voltage value 
detected by said first switching element voltage 40 
detecting means. 

16. An induction heating cooker according to daim 14, 
wherein 

45 

said operating state detecting means com- 
prises an input current detecting means for 
detecting an input current flowing into said 
high-frequency inverter and a second switching 
element voltage detecting means for detecting so 
the voltage of said second switching element, 
said inappropriate load detecting means 
detects tiie inappropriate load based on an 
input current value detected by said input cur- 
rent detecting means and a voltage value ss 
detected by said second switching element 
voltage detecting means. 



17. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series drcuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio for 
first switching element being a ratio of a con- 
ducting time of said first switching element rel- 
ative to a duration of one cycle; and 
a start and stop means for outputting a start 
signal for starting said high-frequency inverter 
and a stop signal for stopping said high-fre- 
quency inverter, 

said corrtrol means starting said first and sec- 
ond switching elements after a lapse of a pre- 
determined delay time after receiving said start 
signal from said start and stop means. 

1& An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
• said first switching element, and a control 
means for controlling tiie conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, saki conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element 
relative to a duration of one cyde. 
said DC power source comprised of a commer- 
cial power source, a rectifier for rectifying an 
output from saki commercial power source and 
a smootiiing capacitor connected to an output 
of saki rectifier; 

a commerdal power source monitoring means 
for monitoring a power source state of sad 
commercial power source, 
said control means stopping driving said first 
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and second switching elements when said 
commercial power source monitoring means 
detects an abnormal state of said commercial 
power source. 

5 

19. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- io 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- is 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 20 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element 
relative to a duration of one cycle; and 25 
a soft start means for outputting a signal for 
gradually inaeasing the input power from a 
predetermined minimum input power at the 
time of starting said high-frequency inverter, 
said control means controlling said conduction 30 
ratio betwe^ the first and second switching 
elements based on an output of said soft start 
means. 

20. An induction heating cooker according to claim 19, 35 
wherein 

said soft start means comprises an input set- 
ting means for setting the input power of said 
high-frequency inverter, a reference voltage 40 
setting means for gradually varying its output 
voltage to a reference voltage set based on an 
output of said input setting means, a oscillating 
means for generating a triangular wave and a 
comparing means for comparing an output of 45 
said reference voltage setting means with an 
output of said oscillating means, and said con- 
trol means controls said conduction ratios of 
said first and second switching elements based 
on an output of said comparing means. so 

21. A high-frequency inverter comprising: 

a coil whose one terminal is connected to a DC 
power source, a first switching element con- ss 
nected in series with said coil to said DC power 
source: 

a first resonance capacitor connected so as to 



form a resonance circuit with said coil; 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element; and 
a control means for controlling the conduction 
of said first and second switching elements 
alternately at a constant frequency and chang- 
ing a conduction ratio off said first switching ele- 
ment to control input power, said conduction 
ratio of said first switching element being a ratio 
of a conducting time of said first switching ele- 
ment relative to a duration of one cycle, 
said high-frequency Inverter having a dead 
time which is a period in which both said first 
and second switching elements become non- 
conductive at a changeover time of the con- 
ducting periods of said first and second 
switching elements. 

22. A high-frequency inverter according to claim 21. 
further comprising a dead time setting means for 
setting said dead time t>ased on an operating state 
of said high-frequency inverter. 

23. A high-frequency inverter according to claim 21. 
wherein said dead time is set to a predetemriined 
time. 

24. A high-frequency inverter according to claim 21, 
wherein a dead time from a time point at which the 
conducting period of said first switching element 
ends to a time point at which the conducting period 
of said second switching element starts is made dif- 
ferent from a dead time from a time point at which 
the conducting period of said second switching ele- 
ment ends to a time point at which the conducting 
period of said f irst switching element starts. 

25. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element 
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relative to a duration of one cyde: and 
a first resonance capacitor changeover means 
for changing the capacitance of S£ud first reso- 
nance capacitor according to a load to be 
heated by said coil. s 

26. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 10 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with said coil, 
a series circuit comprised of a second reso- is 
nance capacitor and a second switching ele- 
ment and connected in parallel witii said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 20 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element 25 
relative to a duration of one cyde; and 
a second resonance capacitor changeover 
means for changing the capacitance of said 
second resonance capadtor according to a 
load to be heated by said coil. 30 

27. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
whose one terminal is connected to a DC 35 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit with sard coil, 
a series circuit comprised of a second reso- 40 
nance capacitor and a second switching ele- 
ment and connected in parallel witii said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 45 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element so 
relative to a duration of one cycle; and 
a coil changeover means for changing the 
inductance of said coil according to a load to be 
heated by said coil. 

ss 

28. An induction heating cooker comprising: 

a high-frequency inverter including a coil 
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wtose ones terminal is connected to a DC 
power source, a first switching element con- 
nected in series with said coil to said DC power 
source, a first resonance capacitor connected 
so as to form a resonance circuit witii said coil, 
a series circuit comprised of a second reso- 
nance capacitor and a second switching ele- 
ment and connected in parallel with said coil or 
said first switching element, and a control 
means for controlling the conduction of said 
first and second switching elements alternately 
at a constant frequency and changing a con- 
duction ratio of said first switching element to 
control input power, said conduction ratio of 
said first switching element being a ratio of a 
conducting time of said first switching element 
relative to a duration of one cyde; and 
a gap changeover means for changing the 
length of a gap between said coil and a load to 
be heated by said coil according to the load. 

29. An induction heating cooker according to any one 
of claims 25 through 28. comprising a load detect- 
ing means for detecting the load to be inductively 
heated. 

30. A high-frequency inverter according to any one of 
daims 1 through 28, wherein said first resonance 
capacitor has its one terminal connected to a con- 
nection point of said second switching element and 
said second resonance capacitor. 

31. A high-frequency inverter according to any one of 
daims 1 tiirough 28. wherein the capacitance of 
said first resonance capacitor is smaller than tiie 
capacitance of said second resonance capacitor. 

32. A high-frequency inverter according to any one of 
claims 1 through 28. wherein said first or second 
switching element is comprised of an IGBT having 
a built-in reverse conducting diode. 

33. A high-frequency inverter according to any one of 
daims 1 through 28, wherein said first switching 
element is a reverse blocking type. 
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Abstract of EP0888033 

A high-frequency inverter having a simple circuit construction capable of executing a constant-frequency 
operation and a zero-volt switching operation and an induction heating cooker using the high-frequency 
inverter are disclosed. The high-frequency inverter is comprised of an inverter circuit for converting a 
direct cun^ent from a DC power source into a high-frequency current and a control circuit for controlling tl^ 
inverter circuit. The inverter circuit is comprised of: a one-transistor inverter constructed of a heating coil 
whose one terminal is connected to one terminal of a DC power source, a first switching element 
connected in series between the other terminal of the heating coil and the other terminal of the DC powe 
source, and a first resonance capacitor connected so as to form a resonance circuit with the heating coil: 
and a series circuit connected In parallel with the heating coil and constructed of a second switching 
element and a second resonance capacitor. 
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